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Historical review 
The pteridophytes have been the source of important contribu- 
tions to our knowledge of sperms in the plant kingdom, and investi- 
gations upon spermatogenesis in pteridophytes are already numerous. 
Historically, however, the motile sperm which first attracted avten- 


tion was that of the algae, and among them especially the sperm of 
Chara. 


From the early studies of spermatogenesis in Chara it was gener- 
ally believed by NAGELI (69), METTENIUS (62), HorMEISTER (38), 
STRASBURGER (83), and Sacus (74) that the nucleus, before the 
formation of the sperm, dissolves into cytoplasm to form a homo- 
geneous slimy protoplast from which the body of the sperm is organ- 
ized. HOoOFMEISTER, STRASBURGER, and Sacus held a similar view 
concerning spermatogenesis in some forms of bryophytes and pterido- 
phytes. 

The first definite statement that the nucleus does not dissolve 
before the formation of the sperm was made by Scumirz (77) from 
a study of Chara and a number of mosses. He writes that the body 
of the sperm is produced by a direct change of form of the nucleus, 
whose peripheral layer becomes thickened to form a spirally coiled 
band, while the inner part becomes loose and forms a vesicle. The 
surface layer of the anterior end of the sperm, bearing cilia, consists 
of the cytoplasm which envelops that part of the nucleus. 
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Most of the papers concerning spermatogenesis in pteridophytes 
were published after the appearance of ScHMitz’s study of Chara; 
by such investigators as CARNoy (16, in Hymenophyllum), BELAJEFF 
(1, in Isoetes; 2,4, in Gymnogramme and Equisetum), ZACHARIAS 
(102, in Pteris), CAMPBELL (12, in Onoclea, Asplenium, Gymno- 
gramme, Adiantum, Alsophila, and Ceratopteris; 13, in Pilularia; 
14, in Osmunda), BUCHTIEN (10, in Equisetum), LECLERC DU SABLON 
(61, in Cheilanthes), GUIGNARD (31, 32, in Angiopteris, Pilularia, 
and Equisetum), SCHOTTLANDER (78, in Gymnogramme), and 
STRASBURGER (85, in Marsilia). 

These studies begin with the structure of spermatids and are 
chiefly devoted to details of the events which occur within the sper- 
matids during their transformation into sperms. Since the forms 
investigated were different, it is natural that the results should diverge 
in some particulars; but so far as the constituents of the mature 
sperm are concerned, the views fall into two categories. One group 
of authors, as ZACHARIAS, LECLERC DU SABLON, and BELAJEFF, be- 
lieves that the spiral body of the sperm consists of a nucleus always 
enveloped by a layer of cytoplasm, which becomes the main constituent 
of the anterior coiled part of the body where cilia are produced; 
nuclear material does not extend to the anterior part. The other 
authors mentioned above hold that the nucleus is the main constituent 
of the body of the sperm, its anterior coiled part being enveloped with 
cytoplasm on which cilia are borne. Most observers of both groups 
agree that the cilia are produced from the cytoplasm, and that the 
vesicle (Blase) which is attached at the posterior end of the sperm — 
is cytoplasmic in nature. 

Most of the investigation of the origin and nature of the cilia- 
bearing organs of the sperms of pteridophytes has been done since 
the discovery of motile sperms and cilia-bearing structure in gymno- 
sperms was made by IKENO (40, 41, 42, 43), Htrasé (36, 37), and 
WEBBER (94, 95). The first paper that dealt with the details of 
the origin of cilia-bearing structures in the sperms of pteridophytes 
was that of Betayerr. Following his three preliminary notes (3, 4, 
5), he published in 1898 an account (6) of spermatogenesis in Gymno- 
gramme and Equisetum. Two deeply staining bodies (which he 
called Nebenkern) appeared on opposite sides of the nucleus previous 
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to the final mitosis in the antheridium which differentiates the sper- 
matids. At this final division each spermatid receives a blepharo- 
plast which lies close beside the nucleus. The blepharoplast begins 
to elongate and its elongation is followed by that of the nucleus, so 
that both structures form two parallel bands which take a spiral 
form. 

SHAW’s paper (80) on Onoclea and Marsilia appeared almost 
simultaneously with the foregoing contribution of BrLajerr. He 
investigated the cell divisions preceding the formation of the spermatid 
in Marsilia and found two small bodies, which he called “ blepharo- 
plastoids,” first in the daughter nuclei after the mitosis which 
differentiates the spermatid grandmother cell. There is one 
blepharoplastoid, therefore, for each nucleus of the grandmother cell 
of the spermatid. This blepharoplastoid divides, but the halves re- 
main close together and pass to one side of the cell. With the next 
mitosis which occurs in the grandmother cell two new blepharoplasts 
appear at the pole of the spindie, and they accompany each daughter 
nucleus after this mitosis into the spermatid mother cell. Then each 
divides, and after the division of the spermatid mother cell, a 
blepharoplast is included in each spermatid. 

The next year BELAJEFF (7) studied Gymnogramme and also the 
same species of Marsilia which SHAW had investigated. He found 
centrosome-like bodies at the poles of spindles in various mitoses pre- 
ceding the formation of the spermatids with their unquestioned 
blepharoplasts, and he also found the blepharoplasts at the poles of 
the spindle. From this he drew the conclusion that the blepharoplast 
of Marsilia holds the same relation to the pole of the spindle as does a 
centrosome. 

Txom (88) in the same year observed a blepharoplast in the sperma- 
tids of Adiantum and Aspidium as a round body beside the nucleus. 
He states that the disappearance of nucleoli at the time of the appear- 
ance of the blepharoplast would suggest a relationship between them. 
According to his observation the modification of the blepharoplast 


into a band structure is considerably delayed after the transformation 
of the nucleus. 


No contribution based upon the original investigation of sperma- 
togenesis in pteridophytes has been published since THom’s paper 
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appeared. However, the problem concerning the nature of the 
blepharoplast and its relation to the centrosome, not only in pterido- 
phytes but in various groups of plants, has been discussed by STRAs- 
BURGER (87, with a critical review of the works on this subject), 
DANGEARD (21, on algae), TIMBERLAKE (89, on algac), WEBBER 
(96, on Zamia), IKENO (45, on Marchantia; 46), Davis (24), and 
some others. 

Oogenesis in pteridophytes has not aroused as much interest as 
spermatogenesis. Oogenesis in Filicales has been observed in vari- 
ous forms by JANCZEWSKI (49), GOEBEL (29), BRITTON (9), CAMpP- 
BELL (15), and many others. 

Morphological investigations of the processes of fertilization in 
pteridophytes have been published by STRASBURGER (83, on Pteris 
and Ceratopteris), HANSTEIN (33, on Marsilia)), CAMPBELL (13, on 
Pilularia; 14, on Osmunda), SHAW (79, on Onoclea), and THom 
(88, on Adiantum and Aspidium). A few points of cytological interest 
in their studies concerning fertilization in pteridophytes may be sum- 
marized as follows: 

In his paper on Osmunda, CAMPBELL writes that in several in- 
stances, when the archegonium seemed about ready to open, an 
appearance was observed that looked very much like the formation of 
a true polar body, and was not to be compared with the ventral canal 
cell. He suggests that this structure, like the polar body, may be 
derived from the division of the nucleus of the egg, his reason for 
the suggestion being the apparent diminution of the nucleus of the 
mature egg at the time of the appearance of the structure, although 
actual division was not observed. 

In Onoclea SHAW states that before the archegonium opens, the 
egg is depressed above, and the nucleus of the egg is flattened, due to 
the pressure caused by the swelling of the wall of the ventral canal cell. 
As soon as the archegonium opens and the disorganized contents of 
the neck canal cells are expelled, the egg becomes turgid. After the 
sperm has entered the egg at the receptive spot, the egg collapses, and 
he suggests that this prevents the penetration of more than one 
sperm. MorrTieR (67) expressed some doubt whether the collapsed 
appearance is really normal. 

In Pteris STRASBURGER (83) observed the formation of a mem- 
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brane around the fertilized egg within a very few minutes after the 
entrance of the sperm, while SHAw in his paper (79) on Onoclea found 
no evidence that a membrane of appreciable thickness was formed 
immediately after the entrance of sperm. 

In his account of Adiantum and Aspidium, THom finds that when 
the sperm reaches the nuclear membrane, the nuclear part of the sperm 
finds or breaks an opening into the egg nucleus and cytoplasmic 
envelope, while the blepharoplast and the cilia are left out in the cyto- 
plasm of the egg. Whether blepharoplast and cilia are left out in the 
cytoplasm SHAw leaves in doubt. 

That the egg nucleus during the entire process of fertilization is in 
the resting condition and that the sperm enters the egg nucleus before 
undergoing any change in form or visible structure, are points of 
agreement among these authors in their studies on Adiantum, Aspid- 
ium, Onoclea, and Osmunda. One peculiar case, different from the 
foregoing results, was reported for Pilularia by CAMPBELL (13), who 
finds that a sperm nucleus assumes a loose and more granular struc- 
ture and rounds up before entering to unite with the nucleus of the egg. 

No work has been published showing details of the behavior of 
chromosomes during spermatogenesis, oogenesis, and fertilization in 
pteridophytes, nor has the organization of the figure of first segmenta- 
tion division ever been followed. 

The present investigation of this subject, with a study of sporo- 
genesis which was considered in my recent paper (101), was carried on 
to trace out the complete history of the chromosomes throughout the 
life-cycle of Nephrodium molle Desv. The former paper, together 
with the present investigation, may serve as an introduction to the 
study of apogamy in Nephrodium, which will appear in a subsequent 
paper. 

Material and methods 

Gametogenesis and fertilization were studied from prothallia raised 
from spores in the greenhouse of the Hull Botanical Laboratory during 
the five months beginning October 1906. The spores for this culture 
were collected from leaves of the same individuals of Nephrodium 
molle that furnished material for the study of sporogenesis. 

Various fluids were used for killing and fixing. The best fixation 
for the present studies was obtained in the material killed and fixed in 
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the following solution: 1 per cent. chromic acid 25°°, 1 per cent. 
glacial acetic acid 15°°, 1 per cent. osmic acid 10°°, water 50°°.. The 
methods used after the material was thoroughly washed were similar 
to those given in the previous paper on sporogenesis (I0T). 


Description 


VEGETATIVE MITOSIS IN PROTHALLIA 


Immediately after the germination of the spore, the nucleus in the 
prothallial cell is quite large, but shows a tendency to diminish gradu- 
ally during the further development of the prothallia into many-celled 
stages. The events of the mitosis in any vegetative cell of a prothal- 
lium are not only repetitions of the same type, but they are similar to 
those of the sporophyte. For this reason no detailed account will be 
made at this time, but a few essential points deserve mention. 

The chromatin reticulum of the resting nucleus of the prothallia, 
which has a ragged structure like that in a vegetative cell of the sporo- 
phyte, becomes transformed into a spirem that runs an irregular course 
within the nucleus, many tangled parts or loops coming into close 
contact with the membrane. The spirem then becomes rather smooth 
and uniform in thickness and very likely there is present a con- 
tinuous spirem (jig. 1). A kinoplasmic cap of conical shape appears 
at each pole of the nucleus, consisting of a few fibers arranged along 
the lateral edges of the cone. With the dissolution of the nuclear 
membrane at the two poles, the fibers push in and attach themselves 
to the chromosomes which have just segmented from the spirem 
(fig. 2). 

The points at which segmentation of the spirem into chromosomes 
may occur have a certain regularity in relation to location within the 
nucleus. Although it is impossible to give an accurate explanation 
of the mechanism at present, the fact that many free ends of the 
chromosomes, immediately after segmentation, are directed toward 
the poles may prove that the segmentation took place in bent points 
of loops. Longitudinal splitting of the chromosomes appeared after 
the completion of this segmentation. 

Contemporary with the entire dissolution of the nuclear membrane, 
the chromosomes show a tendency to arrange themselves parallel to 
an axis passing between the two poles (fig. 3). The daughter halves 
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of chromosomes either remain in contact side by side throughout 
their length, or diverge in the middle part, remaining attached only 
at the ends; but the latter case is of short duration and soon they 
become reunited in pairs. The chromosomes now shorten and assume 
an L-shape, and there is established an early condition of an equatorial 
plate in which the vertical arms of the L-shaped chromosomes are 
parallel and directed toward the pole, while the horizontal arms lie in 
the equatorial plane; the spindle threads are attached at the ends 
directed toward the periphery of the equator (fig. 4). A polar view 
in this stage shows that the horizontal arms hold almost a radial 
arrangement, while the vertical arms are visible only in the optical 
section of their ends (fig. 5). The shortening and thickening of the 
chromosomes advance farther until they become short, rod-shaped, 
and arranged in the equatorial plate. 

The separation of daughter chromosomes begins at once (jig. 6). 
As a rule, it takes place similarly in each chromosome, so that the 
daughter chromosomes proceed toward the pole as a set (jig. 7). 
When the set of daughter chromosomes has reached the pole, they 
remain for a short time as regularly arranged and straight chromo- 
somes (fig. 8), the polar view of which clearly shows that the number 


of the chromosomes is 66 or 64 (fig. 9). The daughter chromosomes 
grouped at the pole become drawn together tightly and vacuolization 
begins. When the nuclear membrane is formed, the chromatin struc- 
ture of the daughter nucleus shows polarity (fig. 10). ‘The formation 
of the cell plate is like that described for the vegetative mitosis of the 
sporophyte. 


SPERMATOGENESIS 

A detailed description of the mitoses which take place from the 
cutting-off of an antheridium initial from a superficial cell until the 
formation of a spermatid mother cell will be omitted. The number 
of chromosomes is always 66 or 64. The only point which seems 
noteworthy is that in the central or primary spermatogenous cell there 
were observed in the majority of cases threadlike structures imbedded 
in the cytoplasm, sometimes very densely crowded together near the 
cell wall. The length of these threads was various, and they were a 
little more slender than the spirem that is usually present in the 
mitoses of spermatogenous cells. Nosuch structure was ever observed 
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in the superficial cells or in the antheridium initial from which the 
central cell is derived, and consequently this structure may originate 
in the central cell. It does not seem to play any important réle in 
the nuclear division. As successive mitoses proceed, it becomes 
more faintly stained, less conspicuous, and finally becomes impossible 
to differentiate by staining; but in rare cases it still remains, filling the 
whole cytoplasm up to the eight- or sixteen-cell stage of the sperma- 
togenous cells. A structure of similar appearance was observed in 
the central cell of the archegonium (figs. 41, 41a). 

The spermatid mother cell is characterized by the first appearance 
of blepharoplasts. In general, the spermatogenous cells, in spite of 
their small size compared with the vegetative cells of the prothallia, 
contain large nuclei. The cytoplasm seems generally destitute of 
plastids and has a very fine fibrillar structure, and the membrane is 
delicate. The mitoses which take place in the spermatogenous cells 
are conspicuous on account of the comparatively large amount of 
chromatin, but otherwise they resemble those of the vegetative cells. 

In the telophase of the mitosis, previous to the formation of the 
spermatid mother cell, the groups of daughter chromosomes, having 
reached the poles, begin to be vacuolized. Detailed study of this 
stage shows that the formation of the membrane around the mass of 
vacuolized chromosomes, or young daughter nucleus, is a little delayed 
in the polar region, which appears concave from the side view (jig. 11). 
The nucleus when viewed from the pole shows that the chromatin 
material resulting from the vacuolized chromosomes is very scanty 
in the polar region and three or four nucleoli are always present 
(jigs. 12, 13); such a structure of the nucleus may be. regarded as a 
kind of polarity. If there could possibly be any migration of nucleoli 
from the interior of the nucleus to the cytoplasm, it would certainly 
occur in such a critical stage of the nucleus, but there was not observ- 
able any peculiar differentiation within the cytoplasm that might 
warrant the supposition. 


As the young daughter nucleus grows in size and assumes a spheri- 
cal form, the chromatin loses its peculiar arrangement and becomes 
transformed into the irregular ragged reticulum of the resting condi- 
tion. Then there are observed by their differential staining two 
small bodies, the primordia of the blepharoplasts, lying within the 
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cytoplasm at the opposite sides of the nucleus. The first differen- 
tiation of the blepharoplasts by stains is very sudden, and they are 
unexpectedly large, quite surprising in fact, for one would imagine that 
they should appear at first as very small granules of hardly distin- 
guishable size. The blepharoplasts move toward the nucleus, and 
during mitosis they hold positions near the poles of the spindle, without 
any noticeable increase in size (figs. 14-19). Sometimes (not often) 
it is observed that the blepharoplasts lie just at the poles of the spindle, 
but evidently this does not seem to mean that the blepharoplasts func- 
tion as centrosomes; instead, the blepharoplasts in this case may 
have happened to be caught accidentally in the focal centers of the 
spindle. 

In the anaphase of this mitosis 66 or 64 chromosomes are always 
counted (fig. 20). After the telophase each daughter cell of the 
spermatid mother cell, or each spermatid, contains a single blepharo- 
plast, which now lies very close to the concave side of the nucleus. 

When the cell plate is just being completed, a new body appears 
near the nucleus of the spermatid far away from the blepharoplast 
(fig. 21). For the sake of convenience, I called this body a Neben- 
kern in the preliminary note. It should be understood that this term 
is used simply as a temporary designation, which must be replaced by 
amore accurate one. The Nebenkern in Nephrodium always appears 
in the location previously occupied by the central spindle of the last 
mitosis. This spindle has almost disappeared when the Nebenkern 
appears. Accordingly, it is not probable that the Nebenkern origi- 
nates from the spindle. 

The spermatids grow to a certain stage and become almost free from 
one another, so that the antheridium now contains eight to thirty-two 
polyhedral or spherical spermatids, with very delicate membranes. 
During the growth of the nucleus of the spermatids the nuclear reticu- 
lum becomes transformed into a ragged network, very rich in irregular 
chromatin clumps, but with scanty branched strand structures. One 
or two nucleoli are always present (fig. 22). The blepharoplast, a round 
granule by this time, becomes applied to the nuclear membrane, and 
the Nebenkern, also a round body a great deal smaller than the bleph- 
aroplast, lies in various locations within the cytoplasm. 


Now the modification of the blepharoplast begins. While the 
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spermatid does not grow further, the nucleus and the blepharoplast 
increase in size during this metamorphosis, and the space occupied 
by the cytoplasm consequently gradually diminishes. The blepharo- 
plast, now round in shape, lies very close to the nucleus and elongates 
along its spherical surface (figs. 23, 24), so that the surface view of the 
blepharoplast at this time shows a rhomboidal outline (fig. 23) and its 
cross-section is crescent-shaped, the concave surface being in close 
contact with the nuclear membrane (fig. 24). The elongation of the 
blepharoplast now proceeds farther. Fig. 26 shows the section of the 
blepharoplast at this stage, cut parallel with the axis of elongation. 
The cross-section of the blepharoplast is shown in fig. 27, and a part 
of the structure viewed from the surface is given in fig. 25. 

Until this time the blepharoplast is alike at both ends, and no 
modification was ever observed in the structure of the nucleus; but 
soon after the blepharoplast has elongated into a semicircular band, a 
very complicated modification follows in both nucleus and blepharo- 
plast. One end of the blepharoplast becomes wedge-shaped and 
Joosely laid along the spherical surface of the nucleus (fig. 28), while 
the other end, which still remains pointed, comes into close contact 
with the nucleus and finally coalesces with it (figs. 28, 29). The elon- 


gating blepharoplast now takes a spiral direction and has a tendency 
to form a coiled ribbon-like structure. 


While the foregoing modification is occurring in the blepharoplast, 
the nucleus undergoes a characteristic transformation of form. ‘The 
distribution of the ragged chromatin clumps within the nucleus be- 
comes irregular; at certain regions of the nuclear cavity they become 
grouped very densely; while in other parts the chromatin substance 
is scattered. The nuclear membrane, very delicate at this time, 
seems to be easily influenced by any change which occurs in the 
interior of the nucleus, so that the region where the chromatin clumps 
are densely crowded may protrude above the spherical surface of the 
nucleus, while the region with scanty chromatin material may form 
a depression or furrow. This unevenness in the form of the nucleus, 
brought about by the irregular aggregation of the ragged chromatin 
clumps in different regions of the interior, develops in such a direc- 
tion that the nucleus becomes metamorphosed into a coiled structure. 

When the nucleus has almost assumed the coiled form, one end of 
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the coil takes on a round sausage-shape (fig. 30), which gradually 
passes into a band structure (fig. 29). This band becomes more 
and more narrow, with a gradual diminution of its width, but this 
diminution is compensated for by a coalescence with the tapering end 
of the band-shaped blepharoplast; so that now the tapering end of 
the blepharoplast runs with the nuclear band as far as the latter struc- 
ture goes, and finally the blepharoplast ends in the wedge-shaped 
band. Then the outer surface of that part of the coiled band, 
which is composed of the blepharoplast and nucleus by their parallel 
coalescence, becomes covered by the blepharoplast, which grows 
extensively. 

The structure of the coiled nuclear region becomes more and more 
compact, during this metamorphosis of the nucleus, by the gradual 
condensation and aggregation of clumps of the chromatin reticulum. 
Thus the general structure of the coiled sperm is organized within the 
spermatid. By this time, numerous cilia are observed growing on 
the surface of the coiled band of the blepharoplast (fig. 31). During 
this modification of the nucleus and blepharoplast, the Nebenkern is 
always present in a definite position close to the nucleus, and when 
the coiled form of the sperm is established, the Nebenkern is observed 
near the blunt end of the sausage-shaped portion without entering 
into the construction of the body of the sperm (fig. 32). 

The mature sperm when observed within the spermatid consists 
of 2.75 coils, 1.5 of which are composed of the blepharoplast with the 
nuclear substance lining a certain distance, and the rest exclusively 
of the nucleus. When the spermatids are discharged from the anther- 
idium the anterior part of the sperm, which consists of the blepharo- 
plast with cilia, first protrudes from the membrane of the spermatid, 
the membrane being so delicate at this time that it looks like a thin 
film of cytoplasm. As soon as the sperm begins to swim freely, the 
cytoplasmic substance with the Nebenkern is attached to the posterior 
coil of the sperm as a vesicle (fig. 33). The number of coils in the 
swimming sperm varies, but an average in material quickly killed is 
observed to be 2.75 coils. Numerous cilia grow from the whole of 
the surface of the band-shaped blepharoplast, their length some- 
times surpassing more than twice the length of the body of the 
sperm. 
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OOGENESIS 

The nuclei in the cells of the cushion region are generally larger 
than those of the rest of the prothallium. At first, successive mitoses 
that occur in the region to become the cushion divide cells anticlinally, 
so that there result a number of narrow parallel cells in a single row. 
In one of these cells, the next mitosis is periclinal and gives rise to an 
archegonium initial (fig. 34). From the archegonium initial, by two 
successive mitoses, there are cut off a basal cell, a primary neck cell, 
and a central cell, or primary oogenous cell (figs. 35, 36, 37). Up 
to this differentiation of the central cell, the critical stage of each 
mitosis showed that the number of chromosomes is 64 or 66. 

The central cell grows in size even after its nucleus begins to divide 
and becomes characteristically asymmetrical in form, due to the 
influence of the surrounding cells. The cytoplasm in the central cell 
consists of a fine fibrillar structure in general, which passes into an 
alveolar structure toward the periphery (fig. 38). There are observed 
in the central cell thread structures of various lengths, scattered 
throughout the whole cell, especially near the cell wall. Their stain- 
ing capacity and general aspect recall similar structures which are 
observed in the central cell of the antheridium. 

The resting nucleus in the central cell increases in size considerably 
(fig. 38). The nuclear reticulum consists of ragged chromatin material 
and three or more nucleoli are present. There now takes place a 
mitosis to divide the cell into neck-canal and ventral cells (jigs. 39-42). 
The mitosis is typically vegetative; in the prophase the spirem is 
continuous and a single nucleolus is present, perhaps resulting from 
the union of the nucleoli in the resting stage. The appearance of 
longitudinal fissions in the chromosomes, their shortening and their 
arrangement in the equatorial plate, were exactly similar to those 
which were described in the vegetative mitoses of the prothallia. In 
the anaphase the two sets of daughter chromosomes show no difference 
in the amount of chromatin material (figs. 41, 41a), but after the 
telophase the two daughter nuclei become unequal in size (fig. 42). 
The inequality of these two sister nuclei has resulted neither from 
unequal distribution of the chromatin mass nor from the number 
of chromosomes, but is a matter of nucleo-cytoplasmic relation, i. e., 
_ on account of the position of the nucleus of the central cell, the cell 
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plate being laid down so as to divide the cytoplasm into two unequal 
cells. ‘The immense amount of food material in the ventral cell causes 
its nucleus to grow more rapidly than that of the neck canal cell. At 
this time these two nuclei contain 66 or 64 chromosomes. 

Then follows one more mitosis (simultaneous or successive) in 
each of these cells. The mitosis which divides the neck canal cell into 
two daughter cells is typical vegetative (figs. 43-45). In the telophase, 
when the daughter nuclei are formed, a cell plate is laid down as 
usual, but it soon begins to disorganize and finally disappears entirely. 
The direction of this mitosis is various, being sometimes parallel to 
the long axis of the archegonium, sometimes perpendicular to it, and 
sometimes oblique. 

The ventral cell sooner or later divides into a ventral canal cell 
and an egg cell (figs. 46-48). No peculiarity is observed in this 
mitosis except in the metaphase (jig. 46), when there is almost always 
present a single dark staining body near the spindle, which pos- 
sibly may be a petsistent nucleolus, but its origin was not traced. 
The peculiar thread structure of unknown substance which is differ- 
entiated in the central cell is also continuously observed in the ventral 
cell, without any visible connection with the mitotic figure. In the 
telophase, the two daughter nuclei show a marked difference in size 
and shape, perhaps due to a nucleo-cytoplasmic relation, similar to 
the case previously observed (fig. 47). Several nucleoli appear in the 
young daughter nucleoli (fig. 48). 

The characteristic curvature of the nucleus of the egg cell begins 
at the telophase of this division, and there is laid down by this time a 
dome-shaped cell plate which is of longer duration than that between 
the neck canal cells. The egg nucleus grows to an immense size and is 
very irregular in outline, whereas the neck canal cell and the ventral 
canal cell collapse and become mucilaginous, together with their 
disorganizing nuclei. 


FERTILIZATION 
The egg cell when ready for fertilization lies in the bottom of the 
archegonial cavity. Some of the material resulting from the disor- 


ganization of canal cells remains in the neck and ventral region of the 
archegonium as a slimy substance, even after the wide opening of the 





5 


15° BOTANICAL GAZETTE [MARCH 


neck admits free access of water. The dome-shaped cell wall which 
separated the egg cell from the ventral canal cell seems almost to 
disappear at the time of the disorganization of the ventral canal 
cell, so that the protoplast of the egg cell is exposed at the neck side to 
the dilute slimy substance, but this exposed surface retains its irregu- 
lar dome-shape. 

The cytoplasm of the egg cell has a fine fibrillar structure, very 
dense around the nucleus and vacuolate toward the periphery of the 
cell. The upper part of the nucleus becomes depressed, so that its 
concave side is directed toward the neck, and it presents a crescent 
form in the side view (figs. 48, 49). The chromatin material within 
the nucleus becomes transformed completely into a system of anasto- 
mosing and branching fine strands and small ragged clumps, charac- 
teristic of the resting condition. One, two, or more small nucleoli 
are present. 

Several sperms enter the neck of the archegonium and reach the sur- 
face of the exposed protoplast of the egg cell at the so-called receptive 
spot (fig. 50). Normally one of these sperms penetrates the cytoplasm 
of the egg. The cytoplasmic layer which surrounds the egg nucleus 
at this time is rather shallow on the exposed surface in the direction 
of the neck, so that the sperm has to pass through only a shallow 
layer of the cytoplasm. When the sperm reaches the nucleus, the 
coil becomes shortened and the penetration of the sperm into the 
nucleus begins from the anterior region, followed gradually by the 
posterior region (fig. 57). 

During the penetration of the sperm the chromatin reticulum of 
the egg nucleus persists as it was before, but a peculiar irregularity 
of the reticulum is observed to have occurred near the intruding 
sperm, which in penetrating has presumably caused a movement of 
the contents of the egg nucleus. After the sperm has completely 
penetrated into the egg nucleus, this disturbance of the homogenous 
arrangement of the chromatin reticulum is still observed so long as 
the sperm within the egg nucleus maintains its individual outline 
(figs. 52a, b). 

It is also observed that there is present a clear region directly 
surrounding the body of the sperm within the egg nucleus, and this 
seems to be a transient stage preceding the disintegration of the body. 
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The disintegration takes place in the body of the sperm in the very 
situation it occupied within the egg nucleus. The chromatin material, 
which was aggregated into a compact and condensed structure up to 
this time, now begins to return into a loose anastomosed complex of 
numerous chromatin clumps and branched fine strands, similar to 
those which were observed during the metamorphosis of the nucleus 
to organize the sperm. Small new nucleoli make their appearance 
near or in the disintegrated region (figs. 53a, 6). Whether these 
nucleoli result from the disintegrated blepharoplast or nuclear region 
of the sperm or from some different source was not determined. If 
the blepharoplast originated indirectly in the interior of the nucleus 
from nucleoli which might have escaped during the reconstruction 
of the nucleus of the spermatid mother cell in the last telophase 
(fig. 11), and by a temporary change of staining capacity may have 
escaped observation until they first become differentiated by stains 
as two bodies, it might be expected that it should now reappear or 
return again into nucleoli as it disintegrates. Thus close relation- 
ship between the blepharoplast and nucleolus might be established. 
However, this is entirely a speculative view, which lacks evidence 
sufficient to make the suggestion probable. 

Disintegration of the body of the sperm proceeds still farther, the 
anastomosing chromatin material showing presently the ragged reticu- 
lar structure characteristic of the resting condition (figs. 54a, b), and 
finally the chromatin material of the sperm nucleus becomes entirely 
anastomosed with that of the egg nucleus whose membrane now sur- 
rounds the chromatin of both egg and sperm (fig. 55). 

The fusion nucleus in the resting condition contains two or more 
nucleoli, some of which have appeared at the time of disintegration 
of the sperm nucleus, while others have probably resulted from the 
union of nucleoli which already existed in the egg nucleus (fig. 55). 
Figures of the first segmentation division are obtained in material 
fixed a week after the entrance of the sperm had been observed. The 
spirem which is organized at the expense of the chromatin reticulum 
of the fusion nucleus has a continuous structure, without any indica- 
tion of two chromatin constituents of maternal and paternal origin. 
Whether there exists one or two spirems was not determined, but even 
if there be present more than one spirem they are exactly similar in 
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thickness (fig. 56). Then the same process occurs as was described 
in vegetative mitosis. On account of the large number of chromo- 
somes, the best stage for an accurate counting is obtained in the late 
anaphase, in which two sets of daughter chromosomes are regularly 
arranged near the poles (fig. 57). The polar view of this stage showed 
128 or 132, or in rare cases 130, chromosomes (fig. 58). 

Mitoses that occur following this first segmentation division, during 
the development of the embryo, were traced up to the appearance of . 
the first leaf. The process is essentially similar, and 128 or 132 
chromosomes are invariably present. 


Discussion of cytological phenomena 


The origin of the blepharoplast.—There have been many contribu- 
tions concerning the origin and structure of the blepharoplast, not only 
in sperms of gymnosperms and pteridophytes, but also in zoospores of 
thallophytes. 

In Cycas (IKENO 41, 42, 43, 48), Ginkgo (Hirasé 36, 37, 48), 
and Zamia (WEBBER 94, 95, 96), two blepharoplasts first are formed 
de novo in the cytoplasm of the body cell at some distance from the 
nucleus, and one of these blepharoplasts is included in each sperma- 
tid; accordingly the origin of the blepharoplast is cytoplasmic. 

In Equisetum and Gymnogramme, BELAJEFF (6) observed the 
blepharoplasts as two deeply stained bodies on opposite sides of the 
nucleus previous to the final mitosis which differentiates the spermatid. 
In Marsilia SHaw (80) discovered two blepharoplastoids in the telo- 
phase of the mitosis which differentiates the grandmother cell of the 
spermatid. The blepharoplastoids disappear in the spermatid grand- 
mother cell, in which two new blepharoplasts are formed at the poles of 
the spindle. BELAJEFF ('7) examined the same form which SHAw had 
studied, and he found two centrosome-like bodies at the poles of the 
spindle of the mitosis which gives rise to the spermatid grandmother 
cell. These centrosome-like bodies are probably structures similar to 
the blepharoplastoids of SHAw; however, according to BELAJEFF’S 
accounts, these structures do not pass into the cytoplasm to disappear, 
but accompany each daughter nucleus in the telophase and in the 
prophase of the next mitosis which occurs in the spermatid grand- 
mother cell. This centrosome-like body divides and the two resulting 
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ones become situated at the poles of the spindle. The process is re- 
peated until there is formed a spermatid in which this centrosome- 
like body remains and becomes the blepharoplast. 

THom’s account (88) for Adiantum and Aspidium differs from those 
of the last two authors. In regard to the origin of the blepharo- 
plast he states that the disappearance of nucleoli at the time of the 
appearance of the blepharoplast in the cytoplasm of the spermatid 
would suggest a relationship between them. 

According to IKENo’s account (45) of Marchantia, a centrosome 
is formed within the interior of the nucleus of the entire series of 
spermatogenous cells up to the spermatid grandmother cell. This 
body moves to the nuclear membrane and is thrust out into the cyto- 
plasm. It then lies outside of the nucleus and becomes the function- 





ing centrosome, dividing to form two centrosomes that separate and 
occupy the poles of the spindle. After the mitosis that gives rise to 
the spermatids, the centrosome remains to become the blepharoplast 
of the sperm. 

Regarding the origin and structure of the blepharoplast of thallo- 
phytes, STRASBURGER (85, 87) expressed the following view, chiefly 
based on his study of the zoospores of Vaucheria, Cladophora, and 
Oedogonium. In all of these forms, he states, the blepharoplast arises 
from the outer plasma membrane (Hauischicht), the nucleus lying 





close to the plasma membrane at the time when the blepharoplast is 
formed. Another view, based upon the zoospores of Hydrodictyon, 
was advanced by TIMBERLAKE (89), who found that after nuclear 
multiplication had ceased, segmentation proceeded until uninucleate 
masses of protoplasm become separated from one another as zoospores. 
Then a blepharoplast was formed, lying in contact with the plasma 
membrane. But before the appcarance of the blepharoplast, he adds, 
a granule may sometimes be observed close to the nucleus and it is 
possible that this is the first appearance of the blepharoplast. Dan- 
GEARD’s study (21) on Polytoma also suggests some possible rela- 
tionship between the blepharoplast and nucleus. In zoospores of 
this form, he finds that the blepharoplast is situated directly under the 
plasma membrane and that a delicate threadlike structure extends 
from it into the cytoplasm and sometimes ends at the side of the 
nucleus in a granule. Davis (24 4) traced the origin of the blepharo- 
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plast in Derbesia, in which the blepharoplast arises from the granules 
observed close to the nucleus. There is a time previous to the differ- 
entiation of the zoospore when the nucleus lies close to the cleavage 
furrow that finally separates the adjacent zoospore rudiments. Close 
to the nucleus he observed a number of granules which migrate toward 
the surface region of the protoplast of the zoospore and assume a ring- 
shaped arrangement. By the fusion of these granules the blepharo- 
plast is established. 

According to these results, excepting STRASBURGER’S on Vaucheria, 
Cladophora, and Oedogonium, the blepharoplast seems to originate 
in the interior of the cytoplasm (Cycas, Ginkgo, Zamia, Equisetum, 
Marsilia, Gymnogramme, Onoclea), sometimes from a position close 
to the nucleus (Adiantum, Aspidium, Hydrodictyon, Polytoma, Der- 
besia), and in still another case from the interior of the nucleus 
(Marchantia). 

In Nephrodium, as has just been described, the mitoses which occur 
within the antheridium were all investigated, from the first sperma- 
togenous cell until the final differentiation of the spermatid. The 
blepharoplasts were demonstrated by the differentiation of stains as 
two small deeply staining bodies appearing first within the cytoplasm 
of the spermatid mother cell. The nucleus of the spermatid mother 
cell is in the resting condition when these bodies appear, and during 
the mitosis which differentiates the spermatid the blepharoplasts are 
situated near the pole of the spindle. After the telophase one bleph- 
aroplast accompanies each daughter nucleus and there is estab- 
lished a spermatid with a single blepharoplast. Sometimes blepharo- 
plasts appeared in spermatogenous cells of the four-celled stage of the 
antheridium, but it is certain that these four cells do not represent 
spermatogenous cells in an early stage previous to the formation of the 
spermatid mother cells; on the contrary, they are in this case real 
spermatid mother cells, the number of sperms produced in the anther- 
idium then being only eight. 

The relationship of the blepharoplast and the centrosome.—The 
centrosome in pteridophytes was figured first by HumMpHREY (11) and 
then by CALKINS (39) in the spore mother cells of such forms as 
Osmunda, Psilotum, Adiantum, and Pteris. One year after CALKINS’ 
paper appeared, SHAW’s account (80) of Marsilia and Onoclea was 
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published, according to which the blepharoplast has nothing to do 
with the mitosis as a center of the mechanism of nuclear division, but 
simply lies near the pole of the spindle. He does not regard the 
blepharoplast as a centrosome. 

BELAJEFF’s conclusions ('7) in reference to Marsilia oppose those 
of SHAw; for he believes that the blepharoplast always occupies the 
pole of the spindle and functions as a centrosome during mitosis. He 
claims that the blepharoplast in pteridophytes is homologous with 
the centrosome. He figures the division of the centrosome or blepharo- 
plast in the spermatid mother cell previous to the division of the 
nucleus, and between the two separating daughter centrosomes or 
blepharoplasts a small central spindle is developed just as in certain 
animal cells. 

IKENO (45) considers the blepharoplast of Marchantia to be actu- 
ally a centrosome, as shown by its behavior during mitosis. He 
homologizes the Nebenkérper, the deeply staining body in the cyto- 
plasm of the spermatid, with the blepharoplastoid of SHaw. Again 
he (46) discusses the homologous nature of the blepharoplast and 
centrosome in his paper entitled “ Blepharoplasten im Pflanzenreich.” 
The Nebenkern of BELAJEFF, he suggests, is homologous with the 
deeply staining body (the Kérperchen) in the spermatid of animals. 
Last year IKENO (47) reasserted his belief that the blepharoplast is a 
centrosome. He thinks that the bodies now called blepharoplasts 
may not all be homologous structures, but he holds that the blepharo- 
plasts of pteridophytes, gymnosperms, liverworts, and myxomycetes 
are of centrosome origin either ontogenetically or phylogenetically. 

The foregoing accounts of IKENo confirm BELAJEFF’s view regard- 
ing the homology of centrosome and blepharoplast. STRASBURGER 
(87) wrote at length on this subject seven years ago, and does not 
accept BELAJEFF’s view. He emphasizes the kinoplasmic character 
of the blepharoplast, whether it be a differentiated region of the 
plasma (as he believes for the zoospores of Vaucheria, Cladophora, 
and Oedogonium), or a special development in the interior of the 
cytoplasm (pteridophytes and gymnosperms). He thinks that all kino- 
plasmic structures, be they centrosomes, centrospheres, or blepharo- 
plasts, hold a very close physiological relation to the structure of 
the nucleolus, so that the blepharoplast might occupy the position 
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of centrosome without being genetically connected with that 
structure. 

In Nephrodium there is present no centrosome in the whole life- 
history, and the blepharoplasts which arise de novo in the cytoplasm 
of the spermatid mother cell do not play the part of a centrosome. 
Since centrosomes are not found in this form it is impossible of course 
to discuss any relationship between them. If any genetic relation- 
ship really exists between the two structures in the plant kingdom, 
evidence might be sought in some of the lower forms, such as Sphace- 
laria and some other species in Phaeophyceae, in which centrosomes 
are known and motile spores are produced. 

Fusion of male and female nuclei.—The condition of sexual nuclei 
at the time of fertilization has been studied in numerous forms of 
different groups of plants. 

Among thallophytes the fusion of gamete nuclei was observed in 
Closterium and Cosmarium (KLEBAHN 52), Rhopalodia (KLEBAHN 
54), Cocconeis (KARSTEN 50), Sphacroplea (KLEBAHN 55; GOLEN- 
KIN 30), Oedogonium (KLEBAHN 52), Vaucheria (OLTMANNS 70} 
Davis 23), Coleochaete (OLTMANNS 71), Fucus (FARMER and WIL- 
LIAMS 25, 26; STRASBURGER 86), Dictyota (WILLIAMs 97), Batracho- 
spermum (SCHMIDLE 76; OsTERHOUT 72), Nemalion (WoLrz 
98), Polysiphonia (YAMANOUCHI 100), Basidiobolus (FAIRCHILD 27), 
Albugo (WAGER 92; STEVENS 81, 82; Davis 22), Peronospora 
(WAGER 93), Pythium (Miyake 63; Trow 91), Achyla (TRow 91), 
Araiospora (KING 51), Sphaerotheca (HARPER 34), Pyronema (Har- 
PER 35). No matter whether a condition of heterogamy is established 
or not in these forms after the union of gametes or gametangia, the 
male nucleus or nuclei pass into the cytoplasm of the egg or oogonium 
and union takes place between the male and female nuclei in the 
resting condition. 

Similar conditions regarding the union of the sexual nuclei in 
angiosperms were described by STRASBURGER (84) for Monotropa, 
by SCHAFFNER (75) for Sagittaria, by CoULTER (19, 20) for Lilium 
and Ranunculus, by Mo7ztier (66, 67) for Lilium, by Lanp (57) 
for Silphium, and by others. MortTIer gives the most detailed account 
of chromatin at the time of the union, and figures the gamete nuclei 
as uniting with their chromatin in the resting condition. In the forms 
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mentioned above, the gamete nuclei, with a few exceptional cases, 
are of almost equal size at the time of union, and fusion of the chroma- 
tin of the two gamete nuclei takes place after the dissolution of the 
portions of the nuclear membranes which are in contact. 

There are described among gymnosperms cases in which there is 
a marked difference in size between male and female nuclei, as Thuja 
(LAND 58), Picea (MryAKE 64), Abies (Miyake 65), Torreya (Ros- 
ERTSON 73), Sequoia (LAWSON 59), Cryptomeria (LAWSON 60). In 
these species the sperm nucleus, being considerably smaller, becomes 
imbedded in a depression of the egg nucleus. However, the process 
of their union does not differ essentially from the cases observed in 
thallophytes and angiosperms, because the chromatin material of 
both gamete nuclei in resting condition fuses after the disappearance 
of the contiguous part of the nuclear membrane. 

According to the accounts given by a number of authors there is 
still another case: in Larix (WoycICcKI 99) and Taxodium (COKER 
18), the gamete nuclei which come into contact do not fuse, but the 
chromatin contents of both nucleiare kept in distinguishable maternal 
and paternal groups; while in Pinus (BLACKMAN 8; CHAMBERLAIN 
17; FERGUSON 28) and Tsuga (Murritt 68) the chromatin of 
sperm and egg nuclei remains separate, forming two spirems, and only 
after their segmentation into chromosomes are the two sets of struc- 
tures brought together in the first cleavage spindle. In these cases 
there is never present a resting nucleus including both maternal and 
paternal chromatin within a common nuclear membrane. 

In the case of Nephrodium, as already described, the sperm which 
entered into the egg nucleus was observed during a certain period 
without any visible change, entirely imbedded within the chromatin 
reticulum of the egg nucleus. The chromatin material which con- 
stituted the body of the sperm begins to disintegrate, and the final 
result is a reticular structure similar to that which we have noticed 
in the nucleus of the spermatid before the formation of the sperm. 
The reticular structures of both sperm and egg nuclei become 
anastomosed and mixed together entirely within the membrane of 
the egg nucleus. The spirem of the first segmentation division is 
organized from this reticulum as a continuous homogenous structure. 

This process of disintegration of the body of the sperm within the 
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egg in Nephrodium accords with THom’s and SHaw’s accounts. The 
presence of the resting nucleus including both maternal and paternal 
chromatin within a common nuclear membrane as described in 
Nephrodium was also described: by IKENO (43, 44) in Cycas and 
Ginkgo, these two being the only forms among Cycadales and Ginkgo- 
ales in which fertilization has been traced to the complete union of the 
two gamete nuclei. 

There is only one paper that gives details of fertilization in a 
bryophyte, a contribution by Krucu (56) on Riella. In this form 
he states that after the sperm enters the egg, a male nucleus is organ- 
ized which increases in size until it is about equal to the egg nucleus. 
This differs from the condition in Nephrodium, for the sperm does 
not enter into the egg nucleus, but two nuclei fuse side by side with 
their chromosomes fully organized. 

With respect to the cytoplasmic structures of the sperm, all inves- 
tigations among cycads and in Ginkgo agree that they are left behind 
in the cytoplasm of the egg before the gamete nuclei unite. A similar 
condition is reported in both Adiantum and Aspidium. In Nephro- 
dium the author cannot confirm the foregoing view, since cases were 
observed in which the’ blepharoplast was not left behind in the cyto- 
plasm. However, such cases do not of course necessarily mean that 
this structure takes part in what may be regarded as an essential part 
of the process of fertilization. 

Conclusion 

Since the present investigation on spermatogenesis, oogenesis, and 
fertilization, together with the preceding study on sporogenesis, has 
been made to trace out the complete history of the chromosome in 
the normal life-cycle of Nephrodium as preparatory to the study of 
apogamy, the general conclusions will be given in the subsequent 
paper. However, the two principal points established by the present 
investigation may be stated here: (1) the counting of the number of 
chromosomes is possible in the gametophyte; (2) the number of the 
chromosomes in the gametophyte is constant (64 or 66). 


In closing I wish to express my thanks to Professor JoHN M. 
CouLTER and Doctor CHARLES J. CHAMBERLAIN who gave important 
advice and valuable suggestions in the course of the study. 
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EXPLANATION OF PLATES VI-VIII 


The figures were drawn with the aid of an Abbé camera lucida, under Zeiss 
apochromatic objective 1.5™™ N. A. 1.30, combined with compensating ocular 18, 
except jigs. 34-38, 41, 42, 46-50 drawn with compensating ocular 4, and fig. 33 
drawn with compensating ocular 18 under higher magnification obtained by 
extending the tube. The plates are reduced to one-half the original size. 
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PLATE VI 
Mitosis in the vegetative cells of the prothallium 


Fic. 1. Prophase; nucleus with a continuous spirem. 

Fic. 2. The nucleus after segmentation of spirem into a number of chromo- 
somes, most of them before the stage of longitudinal splitting; two kinoplasmic 
caps with a few fibers are present. 

Fic. 3. The nucleus after disappearance of membrane; chromosomes which 
are split longitudinally show a tendency to become arranged parallel to the axis 
passing between the two poles. 

Fic. 4. Late prophase; daughter halves of chromosomes are in close contact 
with each other; they have shortened to L forms and are regularly arranged in 
an equatorial plate; the vertical arms of the L’s are directed to the poles, while 
the horizontal arms are lying in the plate. 

Fic. 5. Polar view of the stage shown in fig. 4; the horizontal arms of the 
L’s are in regularly radiating arrangement and the optical section of the vertical 
arms appear like dots. 

Fic. 6. Early anaphase; daughter chromosomes separating in a group. 

Fic. 7. Late anaphase; two sets of daughter chromosomes near the pole. 
Fic. 8. Early telophase; daughter chromosomes regularly arranged at poles. 
Fic. 9. Polar view of the stage shown in the previous figure; 64 chromosomes 


present. 
Fic. 10. Telophase; two daughter nuclei and a cell plate formed; arrange- 
ment of chromatin substance in daughter nuclei showing polarity. 


Spermatogenesis 

Fic. 11. Telophase preceding formation of spermatid mother cells; nuclei of 
spermatid mother cells just organized; two nucleoli present in one of the nuclei. 

Fic. 12. Condition of nucleus later than stage shown in fig. 11; chromatin 
material very scanty in polar region, where nucleoli are present. 

Fic. 13. Still later stage than that in fig. 12; arrangement of chromatin material 
still showing polarity. 

Fic. 14. More advanced stage than that shown in fig. 13; nucleus of sper- 
matid mother cell almost in resting stage; no polarity in distribution of chromatin 
material; two blepharoplasts within cytoplasm on opposite sides of nucleus. 

Fic. 15. Nucleus of spermatid mother cell with spirem; two kinoplasmic 
caps with a few fibers; blepharoplast near pole of fibers. 

Fic. 16. Spirem segmented into chromosomes; nuclear membrane begins 
to disappear at poles of nucleus; blepharoplast near the pole. 

Fic. 17. Late prophase; nuclear membrane has completely disappeared; 
chromosomes split longitudinally; blepharoplast near center of spindle. 

Fic. 18. Anaphase; two sets of daughter chromosomes on the way toward 
the poles. 

Fic. 19. Early telophase; daughter chromosomes grouped at pole with regular 
arrangement; blepharoplast retains same position as before. 
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Fic. 20. Polar view of stage shown in fig. 19; 66 chromosomes evident. 

Fic. 21. Late telophase; spermatid mother cell has divided into two sperma- 
tids, each containing a single blepharoplast near concave side of young nucleus; 
Nebenkern near each nucleus. 

Fic. 22. One of the spermatids after the cellular connection has become 
loose and the regular arrangement has been lost; nucleus larger; chromatin 
reticulum composed of ragged clumps and two nucleoli present; blepharoplast 
applied very close to nuclear membrane; Nebenkern a little apart from the mem- 
brane. 

Fics. 23, 24. Two different views of same stage; fig. 23 shows surface of 
blepharoplast; jig. 24 the cross-section; Nebenkern moved near nucleus after 
blepharoplast has begun to grow and elongate. 

Fics. 25-27. Three different views of the same stage; jig. 25 shows part of 
surface view; jig. 26 longitudinal section; fig. 27 cross-section. 

Fic. 28. Nucleus of spermatid has become spiral; free end of blepharoplast 
wedge-shaped, the other end gradually tapering and along one edge a tapering 
end of the nucleus runs from the opposite direction and coalesces. 

Fic. 29. Stage of spermatid nucleus later than that in fig. 28; coiled form of 
nucleus farther advanced; one end of nucleus, consisting chiefly of the blepharo- 
plast, clearly visible; the other end, terminating in a sausage-shaped structure, 
slightly recognizable in the center below the Nebenkern, which is drawn lightly. 

Fic. 30. Stage similar to that shown in jig. 29, viewed from different direction; 
end of nucleus terminating in sausage-shaped structure visible. 

Fic. 31. Almost mature sperm within a spermatid; whole structure of 2.75 
coils, of which 1.2 coils are blepharoplast, the rest the nucleus that terminates in 
a blunt end; long cilia borne on outer surface of blepharoplast; Nebenkern not 
drawn. 

Fic. 32. Optical section of side view of stage shown in fig. 31; Nebenkern 
larger and near blunt end of sperm. 

Fic. 33. Sperm fixed in free swimming condition; anterior end consists of 
blepharoplast which gradually covers only outer surface, and is replaced by band 
Structure of nuclear substance which finally ends in a sausage form; Nebenkern 
present within vesicle. 

PLATE VII 
Oogenesis 


, Fic. 34. Cross-section of part of prothallium where cushion region arises later; 
nucleus in telophase of mitosis which forms archegonium initial. 

Fic. 34a. Nucleus shown in previous figure under higher magnification. 

Fic. 35. Nucleus of archegonium initial in metaphase of mitosis which cuts 
off basal cell. 


Fic. 35a. Nucleus shown in fig. 35 under higher magnification. 
Fic. 36. Division into central cell and primary neck cell. 
Fic. 37. Central cell or primary oogenous cell. 
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Fic. 38. By successive divisions of primary neck cell and growth of central! 
cell, a characteristic archegonial projection is formed; cytoplasm of central cell 
with peculiar thread structures. 

Fic. 39. Nucleus of central cell in early prophase; spirem continuous; a 
single nucleolus. 

Fic. 40. Early metaphase; chromosomes, daughter halves in pairs, have 
shortened. 

Fic. 41. Anaphase; cell growth continuing during mitosis. 

Fic. 41a. Same mitotic figure shown in fig. 41 under higher magnification; 
two sets of daughter chromosomes almost similar in amount; thread structures 
in cytoplasm. 

Fic. 42. Telophase; two daughter nuclei unequal in size; ventral nucleus 
considerably Jarger than nucleus of neck canal cell. 

Fic. 43. Prophase of mitosis in a neck canal cell. 

Fic. 44. Anaphase of same. 

Fic. 45. Telophase; a cell plate laid down between two neck canal cell nuclei; 
cytoplasm with vacuoles of various sizes. 

Fic. 46. Section of archegonium after formation of two neck canal cells; 
the two nuclei in contact, the cell plate having already disappeared; nucleus in 
ventral cell in metaphase. 

Fic. 46a. Nucleus of ventral canal cell shown in jig. 46 under higher magni- 
fication; deeply staining body near spindle. 

Fic. 47. Section of archegonium; ventral cell nucleus in telophase; two 
nuclei of neck canal cell in contact. 

Fic. 47a. Two daughter nuclei shown in fig. 47 under higher magnification; 
size and shape quite different; both contain a number of nucleoli; dome-shaped 
cell plate laid down separating egg and ventral canal cell. 

Fic. 48. Section of archegonium after completion of egg, ventral canal 
cell, and neck canal cells; nucleus of egg larger than others. 

Fic. 49. Section of archegonium with open neck; canal cells becoming muci- 
laginous, with disorganizing nuclei; egg nucleus irregular; single nucleolus 
present, due to union of several nucleoli seen when nucleus was organized. 

PLATE VIII 
Fertilization 

Fic. 50. Entrance of a number of sperms; many of them have already reached 
the egg. 

Fic. 51. Union of sperm and egg; sperm partly within egg nucleus; cytoplasm 
of egg enveloping nucleus very shallow toward neck. 

Fics. 52a, b. Two sections of same egg nucleus containing sperm, which 
has not changed; clear region surrounding sperm; upper side of figures toward 
neck. 

Fics. 53a, b. Two sections of same egg nucleus containing sperm in later 
stage than that shown in previous figures; disintegration begun; compact body 
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of sperm loosened into complex structure of chromatin clumps and fine strands; 
three nucleoli in region of disintegrating sperm; upper side of figures toward neck. 

Fics. 54a, 6. Two sections of egg nucleus containing a disintegrating sperm 
in stage later than in last figures; neck toward the left. 

Fic. 55. Fusion nucleus after complete union of the two chromatin reticulums 
of sperm and egg; ragged reticular structure homogeneous throughout; three 
nucleoli present; upper side of figure toward neck. 

Fic. 56. Spirem of first segmentation division of fusion nucleus shows a 
continuous structure. 

Fic. 57. Anaphase of same mitosis; the two sets of chromosomes regularly 
arranged at the poles. 


' Fic. 58. Polar view of stage shown in fig. 57; 128 chromosomes present. 

































THE CARBON ASSIMILATION OF PENICILLIUM 
CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 10 8 
HEINRICH HASSELBRING 


Since PASTEUR first showed that the lower fungi (yeasts in this 
case) could be grown on nutrient solutions containing organic sub- 
stances other than those derived from plant and animal tissues, a 
large number of organic compounds have been examined with regard 
to their nutritive value for molds. It has been found that the most 
varied and widely different compounds are suitable in one case or 
another for supplying carbon and nitrogen to those organisms. All 
the fungi, however, cannot utilize the various compounds with equal 
facility. Thus, while Penicillium is almost omnivorous, thriving on 
alcohol, organic acids, sugars, and many other substances, Mucor 
racemosus and M. javanicus, according to WEHMER,? and yeast, 
according to LAURENT,’ do not assimilate alcohol. In like manner, 
two very closely related compounds, such as the optically active 
modifications of tartaric acid, as well as chemical isomers without an 
asymmetric carbon atom,+ may possess very different nutrient value. 

The knowledge that a great number of organic compounds of the 
most varied structure could supply fungi with the necessary food and 
energy for all of their activities, soon led to attempts to establish some 
relation between the structure of organic compounds and their nutri- 
tive value. One of the first of these attempts was that of NAGELI,5 
who came to the conclusion, as the result of the study of a large number 
of substances, that food value depended upon the specific linkage of 


« PasTEuR, L., Les corpuscules organisés qui existent dans l’atmosphére. Ann. 
Chim. et Phys. III. 64:5-110. 1862. 


2 WEHMER, C., Ueber das Verhalten der Mucor-Arten gegen verdiinnten Alcohol. 
Ber. Deutsch. Bot. Gesells. 23: 216, 217. 1905. 





3 LAURENT, E., Nutrition hydrocarbonée et formation de glycogéne chez la levure 
de biére. Ann. Inst. Pasteur 3:113-125. 1889. 

4 BucHNER, E., Notiz aus der Gihrungschemie. Ber. Deutsch. Chem. Gesells. 
25: 1161-1163. 1892. 

WEBMER, C., Beitrage zur Kenntnis einheimischer Pilze 87-104. 1903. 

5 NAGELI, C., Ernahrung der niederen Pilze durch Kohlenstoff- und Stickstoff- 
verbindungen. Bot. Mitth. 3:395-485. 1881. 
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certain atomic groups. According to NAGELI, carbon is assimilated 
from the groups =CH, and =CH, but in the latter case only when it 
occurs in a chain of two or more C-atoms to which H is bound. Ben- 
zoic acid is assimilated, but formic acid is not. On the other hand, 
carbon is not assimilated when it is directly united only with O or N 
but not with H. Accordingly, the CN group, oxalic acid, urea, and 
similar substances, are not suitable sources of carbon. 

Subsequent researches showed that the conclusions of NAGELI 
were no longer tenable, since it was found that the molds were not 
restricted to such specific groupings as he supposed. REINKE® 
greatly extended the list of substances which could be assimilated, 
and showed that some of the particular groupings which NAGELI 
excepted could be utilized. Thus, for example, parabanic acid, 

Fb ou 


CC x | proved an efficient source of carbon for Penicillium. 
NH—CO 


Diakonow’ demonstrated that carbon from urea and from formic 
acid could also be utilized by this fungus. 

All of these facts indicate that no general relation can at present 
be established between the atomic structure of a substance and its 
food value. The mechanism of assimilation probably differs with 
each individual case and is as much dependent upon the nature of 
the plant as upon the chemical reactions of the compounds used; for, 
as already stated, every substance that has nutritive value for one 
plant will not serve as a food for all plants. 

It was with a view of gaining, if possible, some knowledge of the 
complex problem of the chemistry of the assimilation of some of the 
simpler compounds that the work reported here was undertaken. 
It was thought that by studying the effect of a number of related com- 
pounds on the growth of the mold fungi, and noting the variations 
caused by different stimulating agents, it would be possible to gain 
some knowledge of the probable chemical reactions by which nutrient 
substances combine with the constituents of the living cell. 

This proved to be a most complex problem, whose solution is made 

© REINKE, J., Unters. Bot. Lab. Gottingen. (Rev. in Bot. Zeit. 41:551. 1883, and 
Just’s Bot. Jahresb. 11:55. 1883.) 


7 DiaKonow, N. W., Organische Substanz als Niahrsubstanz. Ber. Deutsch. 
Bot. Gesells. 5: 380-387. 1887. 
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more difficult on account of the narrow limits of experimentation to 
which living organisms can be subjected. Although no finally satis- 
factory conclusions have been reached, a few series of cultures have 
been worked out with great care. As I am for the present compelled 
by circumstances to discontinue the work, it is desirable to present 
the results thus far obtained, with a few final remarks on their pos- 
sible significance. 
METHODS 

The form selected for this work was a strain of Penicillium glau- 
cum. A number of other molds were tried, but were rejected because 
they did not thrive well under the conditions of the experiments. 
Penicillium, which has been used in innumerable physiological inves- 
tigations, is especially suitable for this work on account of its omnivo- 
rous habit, and because many compounds have been studied with 
regard to their nutritive value for this fungus. The same strain of 
the mold was used throughout. The stock-cultures were always 
grown on sterilized bean-stems, so as to avoid any possible temporary 
influence of the substratum on the strain. 

The culture medium used was a solution of the necessary inorganic 
salts, of the purest grades obtainable in the market. Except where 
specially noted, the culture fluid always contained the mineral salts 
in the same concentration, namely, 12" NH,NO,, 0.5%" KH,PO,, 
and 0.25%" MgSO,, per roo°*. Potassium chlorid was added in 
some cases, and the concentration of the magnesium salt was varied 
in others. These changes are noted in the respective tables. It was 
the purpose in this work to have the mineral solution alike in all the 
cultures in order to make the different series exactly comparable. 
This was carried out, except where special problems occurred which 
demanded a change from the standard. 

As a source of carbon the following substances were used: alcohol 
(C,H,OH), potassium ethyl sulfate (C,H,KSO,), ethyl nitrate 
(C,H,NO,), ethyl acetate (CH,COOC,H,), potassium acetate 
(CH,COOK), and acetic acid (CH,COOH). These compounds 
are all closely related, and have certain radicles in common. The 
combination of those radicles with various groups has a definite 
effect upon the mode of reaction of the compounds. By a compara- 
tive study of a large number of compounds of this nature with regard 
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to their assimilation by the molds, it was deemed possible to throw 
some light on the mechanism of their assimilation. The simpler 
compounds are most suitable for studies of this nature; first, because 
their reactions are well understood, and second, because it is known 
that the complex compounds, such as polysaccharides, glucosides, 
and certainly in some cases even the hexoses, undergo decomposition 
before they are taken into the cell. The solution of the mode of 
assimilation of the simpler compounds will therefore enable us to 
approach an interpretation of this process with the more complex 
compounds. 

Cultures were made in 200° flasks, of the Erlenmeyer form, 
loosely stoppered with cotton to permit the free exchange of air. In each 
flask 50°° of the culture medium were used. The mineral solution 
was first put into the flasks and sterilized for 20 minutes in flowing 
steam, after which the organic solution was added. The concen- 
tration of all the substances given is the final concentration after the 
addition of the organic solution, without allowing, however, for error 
caused by evaporation in the sterilizer, which averaged a little less 
than o.58™ per flask. In cases where acid was added the error 
caused by this addition was also not considered. These two errors 
compensated each other. Moreover, it was found that much greater 
differences than these produced no effect on the growth of the fungus, 
and a variation in the concentration is furthermore unavoidable on 
account of a slight evaporation in the incubator, which could not be 
prevented. The cultures were grown in an electrically regulated and 
electrically heated incubator, which permitted the maintenance of a 
constant temperature of 28° C. The duration of the cultures, except 
where noted, was 1o days. 

Considerable effort was made to work out the best method for 
inoculating the flasks. On account of some observations of DucLAux,? 
indicating that some media which were suitable for nourishing 


8 PurtewitscH, K., Ueber die Spaltung der Glycoside durch die Schimmelpilze. 
Ber. Deutsch. Bot. Gesells. 16: 368-377. 1898. 

BRUNSTEIN, A., Ueber Spaltungen von Glycosiden durch Schimmelpilze. Beih. 
Bot. Centralbl. 10:1-50. 1got. 

KounstamM, P., Amylolytische, glycosidspaltende, proteolytische und cellulose- 
lésende Fermente in holzebewohnenden Pilzen. Ibid. 10:g0-121. 


9 Ductaux, E., Sur la nutrition intracellulaire. Ann. Inst. Pasteur 3:97-112. 
1889. 
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grown mycelia were not suitable for the germination of spores, 
the spores used in the first cultures were germinated before inocu- 
lation. ‘This method was extremely unsatisfactory, because the 
germinating spores could not be evenly distributed in the culture 
liquid. Moreover, it was found that spores germinated well in all the 
media used. Attempts to inoculate the flasks by means of the plati- 
num wire also proved failures, because it was impossible to obtain an 
even distribution of the dry spores. The method finally adopted, 
which proved entirely satisfactory, was as follows: A stock-culture 
on beans, which was well covered with spores, was thoroughly shaken 
up with the liquid in which it was growing; the liquid was then 
poured on a screen of fine-meshed muslin in a funnel, and strained 
into a sterilized flask. This gave a liquid turbid with spores, most of 
which had been shaken apart and floated free in the liquid. Very 
little other material passed into the flask. For inoculation three 
drops of this liquid were dropped into each flask from a sterile pipette. 
This gave an abundance of spores, perhaps some thousands, which 
were uniformly distributed in the culture fluid. 

The yield of dry material produced was used as an indicator of the 
effect of the food giveme The yield was determined by adding 10° of 
a ro per cent. solution of chemically pure hydrochloric acid to the 
culture to kill the growth and dissolve any precipitates that had been 
formed. After this the culture was filtered on a hard filter paper, 
from which the fungous material was washed into a tared Gooche 
crucible, and dried at 100-110° C. The variation in the temperature 
at which the yields were dried was not preventable, since no regu- 
lated drying oven was available. All the yields of each series were 
dried at the same time, however, so that they were subjected to the 
same conditions in drying. The different sets of each series are 
therefore comparable with each other. 


TABLES AND EXPLANATIONS 


In the following tables are given the results of the cultures, with the 
necessary explanations relating to each series. In the course of the 
work many hundreds of cultures were made before finally satisfactory 
details of manipulation were worked out, and for the purpose of deter- 
mining the concentrations of the various substances that permitted 
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the best growth of the mold. None of these preliminary series is 
included in this report, although the facts gained from them served 
in a general way to substantiate the results of the other cultures. 
Alcohol.—One table, made for the purpose of determining how 
long the minimum quantity of alcohol used in some of the cultures 
could provide sufficient food for an increase in growth, may not be 
without interest and is here given as fable I. The yield is given in 
milligrams in all cases. . 
TABLE I 
Each flask received 0.468™ alcohol =concentration of 0.2 GM. per liter. 











Time in days (24 h.) | I 2 | 3 | 4 5 
Go Seat beh eecePees | 0.0 Oe ib. Hades | 

Bi aicl hate AOR ates 4 32 | 1.9 | ek, re 
Deca ectecaaeeel 13 14 | 15 | 16 17 
Geccccccccecccccce! eevee | we eee } ww ee | see | eve 
Beeeeee eee eeeeeee! 38 39 43 | 53 | 58 
Dawes cauasceanes 59 61 65 79 92 
Wed wae eile ance TOneN 80 gi | 95 | 104 IIo 
Be acanwepeeeeien 118 r19Q | 120 122 124 
Weis ittcasastey | . 118 | 2 | 124 | 128 128 
eRextosanrh/dreterer amine: stare IIo | 2Eg | 14 II5 | 120 





All the cultures in each horizontal row are duplicates. An increase 
in weight took place up to the tenth day, after which there was a 
gradual loss, due to respiration. . 


TABLE II 
Each flask received 0.698™ alcohol =concentration of o.3 GM. per liter. 





| Vv. Check. 




















Number | I. Noacid (II. 0.004mHCl)| III. 0o.co4nHNO; IV. ©.004nH,SO,| No organic 
compounds 
Bis secrets 53 | go 106 113 4 
Boss lovee 57 108 120 116 
ae 86 134 125 131 | 
Bi osecear 89 115 127 139 | 
Re siecccat 93 118 144 141 
TABLE III 
Each flask received o.468™ alcohol =concentration o.2 GM. per liter. 
Number I. No acid | II. o.c04mHCl | III. 0.004nHNO,; | IV. 0.004nH.,SO, 
SL NRTA 68 gI 100 88 
Dosen eeein 70 93 106 89 
Buc tn meee dese 71 93 106 g1 
Boer oe 73 | 102 108 93 
ery ee 17 103 IIo 95 
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In about 200 preliminary cultures it was found that the addition of 
small quantities of acids such as HCl, HNO,, and H,SO, had a 
stimulating effect on the growth of Penicillium. This is only an 
instance of the general rule that poisonous substances act as stimu- 
lants when given in sufficiently dilute concentration. These two 
series were carried through with great care and uniformity, in order 
to get, if possible, a more accurate quantitative statement of the facts 
noted in the preliminary cultures. There is considerable individual 
difference in the cultures, as is noted by reading the figures in each 
column, the five cultures being duplicates of one another. Neverthe- 
less, they are of the same general magnitude. The addition of min- 
eral acids produces a decided stimulation of growth. The nitric acid 
in each case gave a greater stimulation than the hydrochloric. The 
sulfuric acid in one case (table IT) gave a greater increase than hydro- ; 
chloric, while in the other case (éable III) its effect was about equal 
to that of the HCl. These observations agree with those made on the 
preliminary cultures. Many of the cultures seemed to show that 
nitric and sulfuric acids produced greater stimulation than hydro- 
chloric acid. It was thought possible that HCl might begin to act 
as a poison at the concentration used, but a series of cultures (table IV) 
showed that the optimum for stimulation was much higher than 0.004. 
Therefore HCl at that concentration cannot act as a poison, but is 
actually a milder stimulant than HNO,, and perhaps also weaker than 
H,SO,. In addition to the usual mineral nutrients, the cultures in 
tables II, III, and IV were given 0.25%" KCl per roo of culture 
fluid, to avoid the introduction of a new ion, Cl, in the cultures to 
which HCl was added. None of the alcohol cultures produced spores. 





TABLE IV 
Each flask received o.692™ alcohol =concentration o.3 GM. per liter. 

















CONCENTRATION OF ACID 





Number | 











I 2 3 4 | 5 6 | 7 8 | 9 

©.000 | ©.002M | 0.004” 0.006 | 0.008 | o.o12n | 0.016” | 0.024” Check 
Es cieg anid sturema es 208 | 172) 146| 266| 183} 193| 236) 163] 3.6 
Be sowsceceanund 209 | 227 | 185 | 268 | 255 | 239 | 239 | 171 | 3.6 
ee eerie Te | 209 | 232 |} 195 | 284] 257 246 240 173 | 
Bicnare's swans inte 214 | 239 | 266} 285] 260 255 246 | 181 | 
BR occcan canis dicated 224 | 242 | 280] 295 | 273} 255 | 257 | 181 | 

| 
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Esters of alcohol with mineral acids.—The cultures with esters of 
alcohol with mineral acids gave the results expressed in the following 
tables. The actual quantity as well as the concentration of the 
organic substances in each flask are given in fables V and VII in the 
horizontal lines, and in fables VI and VIII at the head of the columns 
giving the yields for each set. 














TABLE V 
Numbers | Amount of C,H;KSO, | Yield 
a ee | o.82em (=o.1 GM. per 1.) | none 
TE9O.. 5.000 1.648m (=o.2 GM. per 1.) | none 
TABLE VI 








82°" C,H,KSO, | 
‘(wo.s GM. per 1.) 0.828™ | o.41°" C,HsKSO gm | Check 























Number (=0.05 GM. perl) | Oat | og gm 
.69%™ C,H;0H 2HsKSO, | ; 3H;K 0.69 
y of pS ge 2) |) oo. COR ComeneOy | C.H;OH 
eiccwaicnel 152* | None 200 | None | 193 
Bikes aden | 184 None | 210 None | 
5 Ore 207 None | 214 None 
Bice sie aeinie 219 | None | 228 None | 
Ricca ste! 219 | None | 238 None | 
* Contaminated. 
TABLE VII 
Numbers | GH;NO,* Yield 
TIO wat vaserecaes o.468m None 
Pb pe) ee eee ee | 0.91 | None 





* The concentration of the ethyl nitrate is not stated, since only a part of the amounts given goes 
into solution in so°¢ of the culture fluid. 











TABLE VIII 
l 
0.23” C,H;NO; 6=™ C.H.NO Check. 
Number | 9,6®™C,HsOH See" CH OH | 0-608 C.H,OH | N 

| eos GM perl) | 26% CHO | 69° Cells ‘matter 
Pon nteve wows 103 52 | 68 117 2 
Baicnonuakens | 106 56 | 94 «118 
Bisaxcsweaeen 112 65 | r2 141 
bss aeweacoe | 115 72 | 223 143 
See eeeeeeees 126 89 | 16 146 











The cultures of potassium ethyl sulfate (éable V) had a barely 
visible film on the surface, similar to cultures to which no organic 
matter had been added. Microscopic examination showed that prac- 
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tically all the spores had germinated and had produced germ tubes 
50 to 100 long. This is clear proof that the potassium ethyl sulfate 
is not poisonous in the concentrations used, but also that it is not a 
suitable source of carbon. This is more fully brought out in able VI- 
The cultures with potassium ethyl sulfate behaved as before, while 
those with sulfate to which alcohol was added gave a yield comparable 
with that obtained when alcohol alone was given. These cultures, 
like the alcohol cultures, remained pure white and produced no 
spores. 

Ethyl nitrate in various concentrations ranging from o.46®™ per 
50°° to o.g1®™ per 50°° proved absolutely valueless as a source of 
carbon, although like potassium ethyl sulfate it did not inhibit germi- 
nation at these concentrations. In a series in which the ethyl nitrate 
was given as the sole source of carbon and nitrogen, no growth took 
place. Neither is the fungus able to break up the nitrate by means 
of energy derived from alcohol, as able VIII shows, for the addition 
of ethyl nitrate failed to produce an increase of yield over pure alcohol. 
On the contrary, the higher concentration depressed the yield, showing 
that ethyl nitrate is mildly toxic. This is also shown by the fact that 
spores in cultures with ethyl nitrate germinated two to three days 
later than the alcohol cultures. The depression of yield may be due 
partly to the delay in germination, and partly to the toxic effect of the 
nitrate. The cultures produced no spores. 

Ethyl acetate——While the esters of alcohol with mineral acids 
proved valueless as a source of carbon for Penicillium, the ethyl ester 
of acetic acid in dilute solution is an efficient source of carbon; but 
in stronger solutions it becomes a poison, as appears from fables ]X and 
X. The mineral solution used here was of the same composition as 
in the alcohol cultures. 


TABLE Ix 
Each flask received 0.228" CH,COOC,H;=0.05 GM. per liter. 














= a | | 
Number No mineral acid 0.004nHNO; | ~~ 0.0e4nH.SO, o.co4nHCl 
OE ee ee 13 I2 Io | II 
Siapsosksiets 14 12 II II 
: eevee ee 14 12 12 | II 
Sin ss aie Secon 14 12 | 12 12 


ahedeannikas 15 
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TABLE X 
| I | II Til | IV 
| 
| o.88®" CH,COOC,H gm ~ 4y_| 
= | (=0.2 GM. per 1.) si gin beer 3 CH,COOGHs sie 
N 7m | o.88®" CH,COOC.H;| (=o.1 GM. perl. 0.44” CH;COOC,H; 
0- | 0.69%" C,H,OH gm 
| (=0.3 GM. perl. | 0.69 CHOON 
| 
Bissitcs) None | None 59 19 
ee None None 74 20 
Sinadl None | None 79 21 
Sowext None None 89 22 
aoe None None go 22 











Ethyl acetate is easily soluble in water and forms a suitable source 
of carbon for fungi. It is poisonous, however, in comparatively low 
concentrations. The fungi in this medium grew for a time and then 
ceased growing, owing to the accumulation of acetic acid in the cul- 
tures. The addition of mineral acids had no very evident effect on 
the growth of the mold, but seemed to depress rather than increase the 
yield. It is important to note that the cultures containing alcohol in 
addition to ethyl acetate (table X, col. IIT) gave a yield about equal 
to that produced by alcohol alone (table II, col. I). It is probable 
that the alcohol, which is the better food, is largely responsible for this 
growth, and that the acetate was left largely intact. If it had been 
consumed in the usual way, the accumulation of acetic acid would 
have stopped the growth of the cultures. The cultures containing 
alcohol failed to fruit, while those containing only ethyl acetate fruited 
abundantly. The spores from sets I and II, table X, were killed, as 
no growth appeared when they were transferred to bean-stems. 

Acetic acid.—Acetic acid in its free state forms an efficient source 
of carbon, but is so highly toxic that it must be used in extremely 
dilute solutions. Nevertheless, two series of cultures placed the fact 
of its assimilation beyond doubt. These are given here. 


TABLE XI 
Acetic acid in each flask 0.0128™ (=0.004n). 





Number No mineral acid | 0.004nH.SO, 0.004nHNO, |0.004nHCl Check 









SWertereers a) 
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The addition of mineral acids seems to have no depressing effect, 
although the yields are so small that this would perhaps not be made 
evident. In the second series the weights were not determined, for 
the difference in growth is shown more strikingly by the appearance 
of the cultures than by the difference in weights. These cultures 
were made as follows: 














TABLE XII 
6 skvunwes | No acid | Bare trace of growth 
OBB ss sicwcsed | 0.0248™ per flask (=o.0087) | Good growth forming thin floc- 
| culent film 
eg: 5 Ce | o.048em per flask (=0.016m) No germination 
ae ea | 0.0728 per flask (0.0327) | No germination 





All the acetic acid cultures fruited, so that even the minute colonies 
were blue with spores. 

Potassium acetate-—A large number of cultures was made with 
potassium acetate. The data from the most significant series of those 
are given here. 

TABLE XIII 


Mineral nutrients per rooc¢ solution 12" NH,NO,, 0.58™ KH,PO,, 0.25s™ MgSO,, 
0.258" KCl. Quantity and concentration of CH;COOK per 
flask isegiven at the head of each column. 








I II III 


N 0.245"" CH;COOK |0.49*" CH;COOK | 0.98 CH,;COOK 
= (=0.05 GM. perl.) (=o.1 GM. per 1.) (=o.2 GM. per 1.) 


IV 


1.47°" CH,COOK 
(=0.3 GM. per 1.) 

















Res 31 41 | 40 40 

2.. 31 42 41 | 40 

S. s 32 42 | 41 | 41 

4. 32 43 | 42 | 42 

5-- 32 43 42 | 51 
TABLE XIV 


The conditions of this series were the same as those for the preceding, except that no 
potassium chlorid was used in the mineral solution. 


| Il | Ill | IV 


0.49°" CH; COOK 0.98°" CH,;COOK | 1.47" CH;COOK 








No. | 0.245" CH,COOK 








lo. 
30 | 26% 39 


zs. | 40 
2.. 31 40 40 41 
“aa 32 41 41 41 
Bi 32 41 41 41 
g.. 


32 43 42 | 42 





* Contaminated with a bacterium forming a green pigment. 
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TABLE XV 


In this series the amount of CH;COOK was o.988™ per flask, but the magnesium 
content was varied. 





I | II 





Number | 0.5%" MgSO,per roo | 1®™” MgSO, per too 
Eesevsseeveens! 54 5 
De ee | 55 14 
aes brlesieen ates | 55 17 
Me cacacon betes 55 20 
Riisicweiv can wats 56 | 37 
Dsivcinnieccecees 56 | 39 
Pp ieeeenecuatecd | 56 41 
Gecvcccsevesecs 57 47 
ees cenedaece's 57 | 55 
Bi ccrwieceas 58 64 





The potassium acetate cultures show a remarkable uniformity of 
yield, which is independent of the concentration of the acetate, except 
in very dilute solutions and probably also in very concentrated solu- 
tions. The lowest concentration in fables IX and X is too dilute to 
allow the full development of the fungus under those conditions, but all 
the other concentrations give the same yield. 

With the increase of magnesium in the cultures, the yield is increased 
but still remains uniform (table XV, col. I). A higher concentration 
of MgSO, becomes poisonous. 

In the growth of all the potassium acetate cultures the medium 
becomes alkaline, showing that only the CH,COO- radicle is taken 
up by the fungus. The excess of KOH (or KHCOQ,) results in the 
precipitation of NH,MgPO,, thus keeping the culture neutral or only 
slightly alkaline for a time. When all the Mg is precipitated, the 
increased alkalinity prevents further growth. The addition of more 
Mg delays this period, and hence gives a greater yield. The yield is 
practically quantitative for a certain amount of Mg, and is independ- 
ent of the amount of CH,COOK. 

The potassium acetate cultures brought out the striking difference 
in power of resistance to deleterious substances possessed by different 
spores from the same culture. This was also observed in other cases 
where deleterious concentrations of substances were used, but it was 
nowhere as evident as in the potassium acetate cultures. By the 
method of inoculation, it is likely that more than a thousand spores 
were sown in each flask. In the favorable media a large percentage 
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germinated so that the surface was covered from the beginning with 
a film of fungus. In the cultures containing the stronger solutions 
of CH,COOK, sometimes less than a hundred colonies were formed, 
but these were able to grow with sufficient vigor to produce a yield 
equal to that of the flasks in which more spores had germinated. 

All the potassium acetate cultures formed spores, but those in the 
concentration of o.05 GM. per liter produced them most abundantly. 


DISCUSSION 


A general survey of these data shows that alcohol, acetic acid, and 
the substances from which the acetic acid radicle CH,COO- is easily 
derived are assimilated by Penicillium glaucum. In the case of 
alcohol the addition of mineral acids stimulates growth, but HNO, 
produces greater stimulation than HCl. The esters of alcohol with 
mineral acids are valueless as a source of carbon, and their lack of 
nutritive value is not due to any toxic properties. The substances 
which possess the greater food value among the foregoing are, in gen- 
eral, those which are readily oxidized. To what extent will these data 
enable us to correlate the mode of assimilation of these compounds 
with the known chemical reactions of the substances ? 

The first possibility that presents itself is that alcohol enters into 
combination with substances in the protoplasm by virtue of its disso- 
ciation into ethylidene and water 

CH,CH,OHSCH,CH=+HOH, 
which, as NEF? has shown, takes place completely at about 650° C. 
At ordinary temperatures dissociation into ethylidene and water takes 
place to a very slight extent, probably less than 0.01 per cent. The 
dissociation, however, is enormously increased by a combination of 
alcohol with other substances, as with metals or mineral acids, and 
also by the action of enzymes and other catalytic agents. The alco- 
holates are dissociated to so great an extent at ordinary temperatures 
that they burn spontaneously in the air. Ethyl nitrate dissociates at 
about 200° C. ( ?) and potassium ethyl sulfate at 250° C. Ethyl sulfuric 
acid and ethyl sulfate dissociate at low temperatures, so that ether 
formation begins in a mixture of alcohol with a little sulfuric acid at 


10 Ner, J. U., On the fundamental conceptions underlying the chemistry of the 
element carbon. Journ. Am. Chem. Soc. 26:1549-1577. 1904. 


























1908] HASSELBRING—ASSIMILATION OF PENICILLIUM 189 


95° C. The reaction is due, as NEF"? has shown, to the absorption 
of water by the bivalent carbon of the ethylidene particles. The 
reaction may be represented as follows. The dissociation of ethyl 
sulfuric acid takes place thus: 
—H 
CH,CH,0SO,0HsCH,CH=+—OSO,0H 
The sulfuric acid is regenerated and reacts with more alcohol to 
give ethyl sulfuric acid, or ethyl sulfate, while the ethylidene decom- 
poses water to form ether thus: 
cH,cH<3} 
CH,CH< 


If, in the first steps of assimilation, alcohol enters into combina- 
tion with some substance of the protoplasm to form an unknown 
compound, represented by CH,CH=Ppm, then we should expect 
substances which increase ethylidene dissociation to affect the rapidity 
of assimilation. It is immaterial whether the alcohol is first elaborated 
into sugar, glycerin, or some other substance, before it becomes a part 
of the protoplasm, or whether it is directly taken up by the permanent 
constituents of the cell. In either case it must combine with some 
substance of the cell, and this combination must be regarded as the 
first step in assimilation. 

An examination of the cultures (¢ables II, III) shows an increase 
in growth due to the addition of sulfuric acid, which, even in dilute 
solutions, would to some extent combine with alcohol and dissociate 
into ethylidene; but an equal increase is obtained by the addition of 
hydrochloric acid, and nitric acid shows an even greater increase in 
most cases; yet neither hydrochloric nor nitric acid combines with 
alcohol when mixed with it. This would indicate that stimulation 
by the acids is not due to any dissociating effect on the alcohol. Fur- 
thermore, if assimilation took place by direct combination of ethyli- 
dene with some substance of the cell, then bodies which dissociate 
very easily should be most rapidly assimilated. We find, however, 
that potassium ethyl sulfate and ethyl nitrate, which dissociate to a 
high degree, are valueless as sources of carbon when given alone, and 
in all probability cannot even be utilized by means of energy derived 

11 NEF, J. U., Dissociationsvorginge bei den Alkylathern der Salpetersaure, der 
Schwefelsiure, und der Halogenwasserstoffsiuren. Liebig’s Annalen 318:1-57. 1901 
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from alcohol when it is given together with the esters. This would 
seem to argue against the direct absorption of ethylidene by the proto- 
plasm or cell constituents. 

Another possibility to be considered is the oxidation of alcohol 
to acetaldehyde or even to acetic acid. This view becomes the more 
probable on account of the ease with which alcohol is known in many 
instances to be oxidized by organisms. This view would perhaps 
explain also the increased stimulation of nitric acid over hydrochloric 
acid, on the basis of the oxidizing power of nitric acid. Oxidation to 
acetic acid, if it takes place at all, does not proceed to such an extent 
that the acid accumulates in the cultures. 

To determine whether acetic acid was accumulated in the cultures, 
10 flasks, with alcohol as an organic food, were inoculated in the usual 
way. After a vigorous growth took place, the culture solution was 
poured off, and after rinsing was replaced by a 0.3 GM. solution of 
alcohol. After further 6 days this liquid was tested for acetic acid, 
but none could be detected. DucLAux also was unable to observe 
the formation of acetic acid from alcohol by Aspergillus, but mentions 
the fact that alcohol was assimilated with the intermediate formation 
of oxalic acid. I was anable to show the presence of oxalic acid in 
the cultures of Penicillium, nor is it likely that this is formed. If 
alcohol is assimilated by way of acetic acid the oxidation takes place 
entirely within the cell. 

Another fact gained from the ethyl acetate cultures (table X) 
speaks against the oxidation of alcohol to acetic acid. From the 
general principles resulting from the work on selective power or 
organisms by PASTEUR, DucLAUx, and PFEFFER, we know that when 
two foods of different nutrient value are given to a plant, the one 
most readily assimilated is used, often to the exclusion of the other. 
Although the experiments with ethyl acetate have not been carried 
as far as might be desirable, there is some evidence that acid accumu- 
lates in the cultures, consequently that the alcohol radicle is more 
readily absorbed than the acid radicles. This, it would seem, would 
not take place if it was first necessary to oxidize the alcohol to acetic 
acid. If any oxidation takes place it is probable that this stops with 
acetaldehyde, from which the formation of sugars can proceed. It 
would then be probable that the acetic acid in all.cases was reduced 
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to the aldehyde. This would account for the greater ease of assimi- 
lation of alcohol, since the oxidation of alcohol takes place more 
readily than the reduction of acetic acid. 

The cultures of acetic acid and potassium acetate require no dis- 
cussion, since it is evident, especially from the acetate cultures, that 
it is the acetate ion that is assimilated. This ion was assimilated, 
so far as could be determined, with much more difficulty than alcohol, 
which would be in accord with the belief that the acid must be reduced 
to aldehyde. 


INCIDENTAL OBSERVATIONS 


As in any long series of cultures, some facts were observed in this 
study, which, while not directly concerned with the work, may be of 
sufficient interest to be worth noting. 

Ductavx is responsible for the belief, current in textbooks, that 
some substances which permit vigorous growth of mycelia are not 
suitable for the germination of spores. Alcohol is one of the substances 
mentioned by him. Contrary to this statement, it was found that 
alcohol was not only favorable for growth, but also permitted abundant 
germination of spores. From the preliminary cultures it seems prob- 
able that all concentrations which will permit growth will also permit 
germination. 

In many other instances substances failed to allow mycelia to 
develop and yet were not detrimental to germination, e. g., C,H, KSO,. 
This whole subject deserves further investigation, with careful study 
of the effect of different concentrations on growth and germination. 

An interesting observation was made on the alcohol cultures, 
namely, that none of them produced spores during the growth of the 
cultures. It is difficult at present to offer an explanation of this fact. 
The fungus grew more vigorously in the alcohol cultures than in any 
others, and as far as could be observed all the external conditions 
necessary for the production of spores were present. The mycelia 
formed dense white mats on the culture liquid, and innumerable 
hyphae grew into the air—a condition which usually leads tothe pro- 
duction of spores—yet none of the aerial hyphae bore spores. It 
would seem as if this strain of Penicillium was unable to manufacture 
all of the compounds necessary for spore formation from alcohol alone ; 
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yet such an explanation is improbable when we remember that other 
compounds easily derived from alcohol, e. g., acetic acid, ethyl acetate, 
and potassium acetate, furnish material for the development of the 
fungus and the production of spores. It is also possible that the 
suppression of spores is due to some deleterious action of the alcohol 
in the culture fluid, although it is difficult to see how a substance can 
at one and the same time act as a food of high nutrient value and as a 
poison. At first sight the cultures containing both ethyl acetate and 
alcohol would seem to bear out the view that alcohol was deleterious 
to spore-formation, for cultures with ethyl acetate alone fruited, while 
those containing alcohol also failed to fruit. In such cultures, how- 
ever, it is probable that the more nutritious alcohol was absorbed 
first, and largely to the exclusion of the acetate. Further work is 
necessary to give a complete explanation of this unusual phenomenon. 
It may be found that all strains of Penicillium do not act alike in this 
respect. 

Another fact, brought out in the course of this investigation, was 
the great individual difference of resistance of spores to deleterious 
agents. In the lower concentrations of all substances favorable for 
growth, practically allespores germinated, forming a dense matlike 
growth over the surface of the culture fluid. When, with increase of 
concentration, the substance becomes deleterious, germination and 
growth are not stopped abruptly, but the number of colonies becomes 
fewer and fewer until the final concentration is reached, where germi- 
nation of even the most resistant spores is inhibited. In most cases, 
where only a few colonies were formed, these grew with unusual vigor, 
so that the total weight of the culture was often as great as that of the 
cultures of lower concentrations. 

This was especially well shown in the series with potassium acetate, 
tables XITI-XV. #Here comparatively few spores germinated in the 
higher concentrations, forming isolated floating colonies. Yet the 
yield from these was equal to the yield from other flasks which were 
uniformly covered. This seems to indicate that the mycelium from 
the more resistant spores continues itself to be more vigorous through- 
out life, although it is not impossible that the belief of DucLaux holds 
true here; that is, while the concentration in any given case may be 
injurious to germination, it does not interfere with later development. 
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The spores which are able to germinate then have the whole of the 
nutrient solution at their disposal and make more vigorous growth. 


In conclusion I wish to express my thanks to Professor CHARLEs R. 
BARNES, under whom this work was carried on; and to Professor 
J. U. NEF of the Department of Chemistry for many helpful suggestions 
relating to the chemical aspects of the work. 


THe UNIVERSITY OF CHICAGO 











BRIEFER ARTICLES 


A NEW SPECIES OF ACHLYA 
(WITH SIX FIGURES) 

In October 1906, while studying the Saprolegniaceae of Chapel Hill, 
we met with a new form of Achlya in a culture taken from a small brook 
near the east gate of the university campus. Achlya ferax and Saprolegnia 
diclina developed in the same collection, but the three species were isolated, 
and the new form kept growing in pure cultures for over two months. 
A careful study was made of its growth and structure and some of the 
observations made are given at the end of this paper. The specific descrip- 
tion is as follows: 

Achlya hypogyna, sp. nov.—Hyphae slender, tapering gradually 
toward the apex, at base about 35 w in diameter, at or near tip about 8 p, 
in vigorous cultures reaching a length of 1°™. Zoosporangia nearly cylin- 
drical, sparingly produced. Oogonia generally borne on short branches, 
racemosely arranged on the main hyphae, but occasionally terminating a 
main hypha, and very rarely intercalary; globular or rarely oblong, the 
walls more or less abundantly producing short, rounded outgrowths; 
yellow when old. Oospores 1-7 (commonly 3-5), centric, diameter 24-36 », 
averaging 27-28». Antheridia cut off from oogonial branches just below 
the oogonia, very rarely absent. Fertilizing tubes arising from the common 
septa and penetrating the oogonia from below (hypogynous). 

The absence of antheridial branches and the origin of the fertilizing 
tubes from the septa separating the oogonia and antheridia distinguish 
this from all other species of Achlya and from all other Saprolegniaceae 
except the Hypogyna group in Saprolegnia. In two or three cases noted 
a short antheridial branch arose from the main hypha near the oogonium 
and applied its end to the surface of the oogonium, and in one case such 
an antheridial branch was of diclinous origin. In all such cases, however, 
the characteristic sub-oogonial antheridia were also present and no fer- 
tilizing tubes were formed from the supernumerary antheridial branches. 
It is evident that Achlya hypogyna is closely related to A. racemosa Hildeb., 
var. stelligera Cornu.t The general habit, the structure of the oogonia, 
and the sub-oogonial antheridia are very much the same in both forms; 

« HUMPHREY, JAMES ELLIS, The Saprolegniaceae of the United States, with 
notes on other species. Trans. Amer. Philos. Soc. 1'7:63-148. pls. 14-20. 1892. 
Botanical Gazette, vol. 45] [194 
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but the more slender hyphae, the larger oospores, and the exseptate origin 
of the antheridial branches are characters of sufficient importance to 
raise the Chapel Hill form to specific rank. 

The presence of hypogynous fertilizing tubes in a species so evidently in 
the same group with A. racemosa and its variety stelligera, in which they 
are absent, must modify to some extent our ideas of the distinctive value 
of this character. MAuRIZzIO suggests that sub-oogonial antheridia with 
hypogynous tubes may be of generic value. He says:? 

Vielleicht kénnte man das hypogyne Antheridium zu einem Gattungsmerkmal 
erhéhen, wodurch die offenbar eine natiirliche Gruppe bildenden hypogynen 
Formen von der Gattung Saprolegnia abgetrennt wiirden. Charakterisirt eine 
Querwand in der Traghyphe den in das Oogonium eindringenden Fortsatz als 
einen Befruchtungsschlauch wie dies bei den zwei vorliegenden Arten der Fall 
ist. . . . ist dieser ein Analogon des Befruchtungsschlauches bei Pythium ferax 
de Bary, so miisste man auch die letztere Species von den Pythiumarten trennen. 

Such a suggestion cannot be considered when we find this character 
present in only one of a group of such clearly related forms as A. racemosa, 
A. racemosa stelligera, and A. hypogyna. These three forms, which we 
might call the Racemosa group, are distinctly segregated as MAuRIZzI0’s 
Hypogyna group among the species of Saprolegnia.3 

In the cultivation of Achlya hypogyna it was found best to use small 
gnats as a medium. The culture could then be made in hanging drops 
or on slides in Petri dishes and the growth studied without misplacement. 
A marked peculiarity was the scarcity of zoosporangia. Thése were 
found only in young cultures, appearing about 24 hours after infection; 
two are shown in jig. 1. The oogonia, however, were very abundant; 
their usual arrangement is shown in fig. 2. A mature oogonium and 
antheridium of typical appearance are represented in jig. 3. The fertiliz- 
ing tube in this case is branched near its base. In a very few cases the 
oogonia are oblong (fig. 4), and some intercalary ones are occasionally 
seen (jig. 5). When the stalk is very short, the antheridium may extend 
some distance into the main hypha (fig. 6). It will be noted that one of 
the oogonia here shown has no projections on its walls; this peculiarity 
is of very rare occurrence. In one case a hanging drop containing a gnat 
was infected with a sporangium in which the spores were formed but not 
yet discharged. The spores remained in the sporangium, but sent out 

2 Beitrige zur Biologie der Saprolegnieen. Mitteilungen des Deutschen Fischerei- 
Vereins 71: 1-66. figs. 19. 1899. 

3 Flora 79:109-158. pls. 3-5. 1894. Jahrb. Wiss. Bot. 29:75-131. pls. I-11. 
1896. Beitrige zur Biologie der Saprolegnieen. Mitteil. Deutsch. Fischerei-Vereins 
71:1-66. figs. 19. 1899. 
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tubes, which penetrated the sporangium wall and ran over to the gnat. 
In twenty-four hours after the gnat was reached, sporangia were beginning 
to discharge in the new culture. In another case when infection was made 














Fic. 1. Two emptied zoosporangia. X335.—Fic. 2. Immature oogonia on a 
main hypha. X75.—Fic. 3. Typical oogonium with three oospores; antheridium 
below and branched fertilizing tube arising from the partition. X335.—Fic. 4. Ob- 
long oogonium with antheridium. X335.—Fic. 5. Intercalary oogonium, without 
an antheridium. X335.—Fic. 6. Two short-stalked oogonia, with antheridia extend- 
ing into main hypha. X 335. 












with a hypha bearing some young oogonia, the gnat was penetrated by 
a hypha which arose from the stalk of one of the oogonia; not until forty- 
two hours later was the new growth conspicuous.—W. C. CoKER and 
J. D. Pemperton, Chapel Hill, N.C. 


ON THE ORIGIN OF ANGIOSPERMS: 
In an extensive paper to be published during 1908, I have reached the 
following conclusions concerning the origin of angiosperms: 


« After this paper had gone to press, it appeared ‘in German) in Ber. Deutsch. 
Bot. Gesells. 25:496, 497. 1907. The editors were not aware that it had been sent 
elsewhere for publication, and regret the unnecessary duplication.—EDs. 
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1. In Juliania the secretory canals are not wanting in the bark, as 
JADIN affirms. It is a genus of Rhoideae, exceptional in its 2-4 flowered 
cupula. 

2. The Juglandaceae and also the Anacardiaceae are descendants of 
such Rhoideae as Juliania and Pistacia, but are still more reduced in the 
structure of flower and fruit. 

3. The Brunelliaceae, Burseraceae, Irvingiaceae, Sabiaceae, Anacardi- 
aceae, ENGLER’S Julianiales, Juglandales, and some genera of his Simaru- 
baceae (Picrodendrum, Picramnia, Alvaradoa) must constitute together 
the old order Terebinthaceae. 

4. Also, the Leitneraceae, Aceraceae, Amentaceae (1. Quercineae, 2. 
Myriceae, 3. Coryleae, 4. Casuarineae, 5. Betuleae), and Urticales, thus 
comprising most of the chalazogams, are reduced descendants of Pistacia- 
like Terebinthaceae, and nct descendants of Hamamelidaceae or Columnif- 
erae (including Euphorbiaceae), the latter of which must be considered as 
reduced descendants of Buettnerinae. 

5. From the preceding orders the Balanopsidaceae (Balanops and 
Trilocularia) differ much in anatomical structure; they are Hamamelidaceae 
and are related to Trochodendrum, Tetracentrum, Daphniphyllum, and 
Rhodoleia. 

6. The Salicaceae must be regarded as reduced descendants of Fla- 
courtiaceae, and related to Homalieae and Idesieae; the Lacistemaceae 
as a tribe of Flacourtiaceae next to Homalieae; and the Piperales (including 
Lactoris and Myrothamnus) as reduced descendants of Magnoliaceae. 

7. The derivation of the Hamamelidales (Platanaceae and Hamame- 
lidaceae), as congeners of the Saxifragaceae, from Magnoliaceae must also 
be maintained. 

8. The chalazogamy of Ulmus, Juglans, and many of the Amentaceae 
suggests the presence of chalazogamy, and other embryological resemblances 
to Casuarina, in Myrica, Leitnera, Acer, Juliania, Pistacia, Rhus, and other 
Terebinthaceae. 

g. As descendants of Terebinthaceae, and in accord with WIELAND’s 
discoveries among Bennettitaceae, in spite of WETTSTEIN’s opinion to the 
contrary, the Amentaceae (including Casuarina) and the Urticales are 
becoming completely out of the question as connecting links between gym- 
nosperms and angiosperms, and cannot interfere longer with my opinion 
that the Magnoliaceae are descendants of Cycas-like or Bennettites-like 
gymnosperms. 

10. Also the Gnetaceae, which in some respects resemble dicotyledons, 
and the Conifers, extremely adapted to xerophilous conditions, on account 
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of their much advanced reduction are out of the question as connecting 
links between gymnosperms and angiosperms. 

11. The resemblances of Loranthaceae to Gnetaceae are not founded 
on natural affinity, all the Santalales being reduced descendants of Saxi- 
fragaceae or of Celastrales. 

On account of the great importance of the problem under consideration, 
I recommend that the following forms be examined during this next season, 
as to their fertilization and embryology, by the botanists of Europe (Myrica, 
Acer, Pistacia, and Rhus), the United States (Myrica, Leitnera, Acer, 
Juliania, etc.), Tokyo (Myrica, Acer, Rhus), Buitenzorg and Peradeniya 
(Terebinthaceae).—Hans HAL irr, Botanische Staatsinstitut, Hamburg. 


THE GENERIC NAME GOLDMANIA 

Dr. J. N. Rose of the United States National Museum has kindly 
called my attention to the duplication of a generic name by the publication 
of Goldmania in my recent paper entitled ‘‘ New or otherwise noteworthy 
Spermatophytes from Mexico, Central America, and the West Indies” 
(Field Col. Mus. Bot. Ser. 2:247-287. 1907). This name having been 
used for a new genus of the Leguminosae, namely Goldmania Rose (Mém. 
Soc. Phys. et Hist. Nat. Genéve 34:274. 1903), I propose the name 
Goldmanella, gen. nov. of Compositae (Coreopsideae), for the plant which 
I described as Goldmania. The binominal may be formed as follows: 
Goldmanella sarmentosa Greenman, n. comb. (Goldmania sarmentosa 
Greenm. Field Col. Mus. Bot. Ser. 2:270. 1907).—J. M. GREENMAN, 
Field Museum of Natural History. 


























CURRENT LITERATURE 


BOOK REVIEWS 
Injury by smoke 
Dr. A. WIELER' has written a volume upon the effects on vegetation of sulfur 

cioxid, the most injurious constituent of smoke.?_ The subject of smoke injury to 
agricultural and forest crops has long been of importance in Europe, and is now 
beginning to attract attention in this country, where, with the extension of agri- 
culture into semiarid mining regions and the increased interest in forestry, some 
means of restraining injury to crops or some basis for adjusting damages becomes 
more and more necessary. 

The first chapter of the book is devoted to the demonstration of the presence 
of SO, in the leaves of plants injured by smoke. For this the author relies on 
the method of Winpiscu, which revealed the presence of SO, in leaves of ivy even 
14 days after fumigation. Numerous analyses from smoky districts showed SO2 
in the leaves in varying amounts. The analyses do not show any definite relation 
between the amount of SO, present in the leaves and distance from the source of 
smoke. 

In the second chapter it is shown that, contrary to the view of VON SCHROEDER 
and Reusz, SO., like other gases, enters only through the stomata. Leaves whose 
stomatal surfaces were coated showed no injury when exposed for several hours 
to comparatively strong concentrations of the gas. In very young leaves and in 
leaves whose stomata are permanently closed, the gas penetrates the cuticle. 

The third chapter, which takes up the greater part of the book, discusses the 
physiological effects of SO,, which are so complicated in nature that all cannot 
be explained by the killing action of the gas on the tissues. Probably both its 
acid nature and its capacity for forming addition products with aldehydes in the 
tissues come into play. Two kinds of injury are distinguished, the acute and 
the chronic. The acute form is rare and occurs only in the immediate vicinity of 
the source of smoke, where the concentrations of SO, are sufficiently high to kil! 
the tissues directly. Yet experiments on the resistance of various organs show 
that the concentration of gas necessary to produce the acute form of injury is much 
greater than that found in smoke-injured regions, and the great individual differ- 
ences shown tend to obscure the results. To find an explanation of the chronic 
injury, which is the more common and more difficult to recognize and account 
for, the effect of dilute mixtures of the gas were studied. Even under uniform 

1 WIELER, A., Untersuchungen iiber die Einwirkung schwefliger Siure auf die 

Pflanzen. 8vo. pp. vii+427. figs. 19. Berlin: Gebriider Borntraeger. 1905. M12. 


2 The importance of this work justifies the publication of a review long after it 
was due.—EDs. 
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conditions respiration was found to be irregular. Photosynthesis was depressed, 
probably by the direct action of the gas on the chlorophyll, and not by a closing 
of the stomata (Betula alba and Salix); while transpiration is not depressed by 
the gas in any concentration. The rate of absorption of water is not reduced, the 
removal of the products of photosynthesis is delayed, and growth is retarded. 
In spite of all these effects of the gas, the author regards them as insufficient to 
account for the chronic injury. In a later chapter he reasons that the cause of 
the chronic injury must be sought in the effect of the gas on the soil, in which a 
condition similar to that present in cedar bogs is brought about. All the effects on 
trees point to a death by drouth. 

Other chapters deal with the relation of soil conditions to the growth of trees, 
and with the resistance of various plants to smoke injury. Finally, the methods 
of determining smoke injury are discussed. 

As a whole, the work is a record of careful experiments and observations on 
this very obscure subject. The great difficulty of properly diagnosing injurious 
effects due to smoke is repeatedly emphasized. Even in the carefully guarded 
experiments, the individual differences of different plants, as well as unfavorable 
factors due to the conditions of the experiments, often tend to obscure the effects 
of the dilute mixtures of the gases used. All this, however, has served to draw 
the author’s attention to an important phase of the subject which has hitherto 
probably not been sufficiently considered, that is, the effect of the acids of smoke 
in the soil. Through changes induced by the continuous accumulation of SO, 
in the soil, the author beljeves that conditions are brought about which lie at the 
bottom of all the observed phenomena of smoke injury.—H. HASSELBRING. 


MINOR NOTICES 


Manual of micrography.—Dr. J. W. MOLt, professor of botany in the Royal 
University of Groningen, has prepared a manual? for the use of beginners in 
laboratory practice in botany, which he believes is adapted not only ‘to enable 
them to gain useful information by their own efforts, but also to train them in 
proper methods of scientific work. The book is the outgrowth of the author’s 
experience, which has led him strongly to deprecate the use in the laboratory of 
books which tell the student what is to be seen. In the preface he sets forth his 
views vigorously on the pedagogics of botany, with special reference to the place 
of practical exercises. 

The book is divided into three parts. The first gives a brief account of 
instruments, reagents, and materials; and the second gives directions for the 
analysis of microscopic structure and outlines for micrographic descriptions. 
The third part contains 489 exercises, which are scarcely more than lists of the 
material and preparations needed. Of course such exercises presuppose verbal 


3 Mott, J..W., Handboek der botanische micrographie, ten gebruike bij de prac- 
tische oefeningen voor aanstaande medici, pharmaceuten en biologen. Small 8vo. 
pp- vit+356. jigs. 4. Groningen: J. B. Wolters. 1907. ff. 4.25. 
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explanation as to what is to be done, and written reports of what has been seen. 
The great number and variety of the exercises would permit selections for a general 
course in botany, or special courses intended for medical or pharmaceutical 
students. One section, of some hundred exercises, is devoted to important ana- 
tomical and morphological papers, each represented by a single exercise. Another 
takes up the ‘‘simples” of the Dutch pharmacopoeia for the benefit of pharma- 
ceutical students. The language of the handbook will probably preclude its use 
even by teachers in this country.—C. R. B. 


Jost’s plant physiology.—The active demand which exhausted the first edition 
of this valuable work, and the advances in plant physiology since 1903, not to 
mention the appearance of an English translation, have required the preparation 
of a second German edition. As we have formerly and recently expressed a 
highly favorable opinion of the quality of this work,5 nothing is now needed but to 
point out changes in the new edition. The title-page indicates the transfer of 
Dr. Jost from Strassburg to Bonn. In the arrangement of material we note the 
change in the title of the third section from Energiewechsel to Ortwechsel, and the 
transfer of the lecture on the forms of energy in the plant from the third section 
to the first (Stoffwechsel), bringing it into close association with the discussion of 
dissimilation, where it more properly belongs. The term Ortwechsel is a happy 
designation of the section which deals with movements. The additions, though 
slight, are numerous and in some cases important. The number of figures is 
increased nearly a dozen, and some substitutions are noticeable. The bibliogra- 
phy, which formerly followed each chapter, is now gathered together at the close 
of the volume, where it is much more compactly presented; but the alphabetic 
arrangement is continued under each topic, and by bold-faced type the possible 
obscurity of the solid lists is obviated. By this change some twenty pages are 
gained, and devoted to the new matter, so that the size of the volume remains 
practically the same.—C. R. B. 


Molecular physiology.—In 1903 Professor Lfo ERRERA prepared a course 
of lectures in what he calls molecular physiology.° The manuscript has been 
arranged and edited by Dr. SCHOUTEDEN and has been published by the Botanical 
Institute in its Recueil. In a preface Professor H. J. HAMBURGER of Groningen, 
to whom the manuscript was submitted for advice as te its publication, writes 
“que ce serait un crime de lése-science de ne pas les publier.” 

The lessons consist of a presentation of those portions of molecular physics 
which are particularly applicable to physiology. The properties and behavior 
of gases, liquids, and solids, such as diffusion, surface tension, cohesion, viscosity, 


4Jost, L., Vorlesugen iiber Pflanzenphysiologie. 2ed. Imp. 8vo. pp. xiv+693. 
figs. 183. Jena: Gustav Fischer. 1908. M14; geb. M16. 

5 Bot. GAZETTE 37:390. 1904, and 44:309. 1907. 

© ErrERA, L£0, Cours de physiologie moléculaire, fait au doctorat en sciences 
botaniques en 1903. Legons recueillies et rédigées par H. SCHOUTEDEN. Recueil 
Inst. Bot. Bruxelles '7: 1-153. 1907. 
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imbibition, and solution, are discussed, first in the abstract, and then applied, so 
far as possible, to the explanation of the formation of membranes, protoplasmic 
movement, cell division, molecular structure, turgor, the movement of water, etc. 
They form a useful summary, naturally not quite up to date, of facts and theories 
which it is essential for the student of physiology to command. It is doubtful if 
elsewhere they can be found more conveniently arranged and effectively presented. 
All of them have for some years found a place in the writer’s lectures on plant 
physics.—C. R. B. 

North American Flora.—The first part of volume IX has just appeared, being 
the sixth part published. It contains a part of the Polyporaceae, by W. A. Mur- 
RILL, 33 genera being presented, the following being new: Hydnoporia, Fus- 
coporia (g spp., 2 new), Fuscoporella (6 spp., 5 new), Fomitiporia (17 spp., 16 
new), Fomitiporella (9 spp., 7 new), Tinctoporia (1 new), Melanoporella, and 
Melanoporia. ‘The large genera are Coriolus (40 spp., 13 new), Polyporus 
(35 spp., 2 new), Tyromyces (25 spp., 6 new), and Hexagona (19 spp., 5 new). 
In other genera g new species are described.—J. M. C. 

Icones Plantarum.’—The species illustrated in the twenty-five plates of this 
part include 11 new species by HEMSLEY, one of which represents a new Chinese 
genus (Sinofranchetia) of Lardizabalaceae. Five additional new species are 
described, but not illustrated. These 16 new species are all oriental, chiefly 
Chinese, and belong to the following families: Sabiaceae, Hamamelidaceae (8), 
Lardizabalaceae (6), and Triuridaceae.—J. M. C. 

Pflanzenfamilien.*—Part 229 contains the completion of Hookeriaceae, 
the Hypopterygiaceae, Helicophyllaceae, Rhacopilaceae, and most of Leskeaceae, 
by V. F. BroTHERus. Part 230 contains the completion of Ascolichenes and 
the beginning of Hymenolichenes, by A. ZAHLBRUCKNER. The fourth part 
concludes the second supplement (1899-1904) and includes the title-page and 
index.—J. M. C. 

Das Pflanzenreich.°—Part 32 contains the tribe Coelogyninae of Orchida- 
ceae by PritzER and KrANzLIN. Of the 15 genera recognized, the following are 
described as new: Ptychogyne, Hologyne, Sigmatogyne, Chelonistele, and Came- 
lostalix. The species number 246, the large genera being Coelogyne (103), 
Dendrochilum (74), and Pholidota (31).—J. M. C. 

Eucalyptus.—The ninth part of MAIDEN’s revision of Eucalyptus'° contains 
the description, synonymy, range, and affinities of eight species. This series, 
begun in 1903, now includes thirty-one species.—J. M. C. 

7 HOoKER’s Icones Plantarum. IV. 9?:pls. 2826-2850. 1907. 

8 ENGLER, A., und PRANTL, K., Die natiirlichen Pflanzenfamilien. Lief. 229 
und 228 und Erginzungsheft II, Lief. 4. Leipzig: Wilhelm Engelmann. 1907. 

9 ENGLER, A., Das Pflanzenreich. Heft. 32. Orchidaceae-Monandrae-Coelo- 
gyninae von E. PritzeR und Fr. KRANZLIN. pp. 169. figs. 54 (294). Leipzig: Wil- 
helm Engelmann. 1907. M8.40. 


10 MAIDEN, J. H., A critical revision of the genus Eucalyptus. Part IX, pp. 259- 
294. pls. 41-44. Sydney: Published by the State of New South Wales. 1907. 2s. 6d. 
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NOTES FOR STUDENTS 


Regeneration in mushrooms.—By a series of experimental studies on the 
regeneration phenomena in mushrooms, MAGNus' has attempted to analyze the 
principles underlying the organization of the complex fruit-bodies of these plants. 
It was found that the cultivated mushroom, which was chiefly used in the 
experiments, possessed a marked capacity for regeneration, which varied with 
the age of the fruit-bodies and with the character of the tissues involved. In 
extremely young fruit-bodies, wounds caused by removing sections are quickly 
filled up by the growth of new tissue, but with increasing age this power of regenera- 
tion gradually disappears. The most extensive changes occur when a piece otf 
the pileus in slightly older stages is removed by a perpendicular cut. The wound 
soon becomes overgrown with a sort of wound tissue, which is covered with an 
irregular hymenium consisting of sinuous lamellae or spines or irpex-like plates, 
all intermingled. The hymenium arises without reference to gravity, but it 
always originates in contact with the old hymenium and then gradually spreads 
over the normal tissue. Although the reticulations of the new hymenium arise 
without order, there appears a certain definite regularity in their relation to each 
other, so that whatever their form may be they always remain at definite dis- 
tances from each other. It appears that the whole surface is capable of pro- 
ducing lamellae, but by some chance advantage certain portions start first, and 
these then exert an inhibiting influence over a given area and prevent the forma- 
tion of new growing points, which would cause the lamellae to be too much 
crowded. In the normal expanding pileus the lamellae appear to be formed 
according to the same principles; for when the first-formed lamellae become 
separated by the growth of the margin of the pileus, new ones are interpolated 
among them, keeping the number per unit of space constant. 

Besides the typical regeneration of parts, various tissues of the mushroom 
have the power of vegetative sprouting. In the youngest stages all hyphae return 
readily to a condition of vegetative growth; with increasing differentiation, how- 
ever, this power is lost to a great extent. The palisade cells of the hymenium 
and the cells of the cortex soon lose their capacity for vegetative budding, although 
some of the cortical cells in the lower part of the stem later regain this power. 
In general it appears that the most highly specialized cells are the first to lose 
their capacity for returning to the vegetative condition. These facts argue in 
favor of a progressive differentiation of the hyphae which make up the fruit-body, 
and is opposed to the view that the character of the hyphae is largely determined 
by tropisms dependent upon their position in the fruit-body. If the character” 
of the hyphae were merely a function of their position in the fruit-body, we should 
expect all hyphae to return readily to the vegetative stage. On account of this 
character of progressive differentiation toward a determinate form, the author 
regards the fruit-body of higher mushrooms as a definite entity, resembling in 


tt MaGNus, WERNER, Ueber die Formbildung der Hutpilze. Archiv. fiir Bion- 
tologie 1:85-161. pls. 8-13. 1906. 
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this respect the animal body and differing thereby from vascular plants of inde- 
terminate growth. 

The paper is an excellent contribution toward the solution of the problem 
of the formation of the fruit-bodies of higher fungi by the correlated growth of 
apparently independent elements. The problem has been attacked from a new 
standpoint by a method which has shown a closer correlation of the different 
parts than has hitherto been demonstrated.—H. HAssELBRING. 


Coastal plain vegetation.—R. M. Harper’s studies of the vegetation of the 
coastal plain (Bot. GAZETTE 40: 392, 393- 1905) continue to appear in various 
journals. His most pretentious work, consisting of a phytogeographical sketch 
of the Altamaha Grit region of the coastal plain of Georgia, has been recently 
reviewed in this journal (43:225. 1907). This admirable paper should be read 
by all ecologists. The fulness of citation in the bibliography accompanying 
this work is most excellent, and may well be copied by authors generally; in 
addition to the exact citation of the original paper, citation is made of reviews 
of the paper cited, and a short appreciation of the article is given. In the Bull. 
Torr. Bot. Club (32:451-467. 1905) appear accounts of phytogeographical 
explorations in the coastal plain of Georgia in 1904, in which are noted interest- 
ing patches of mesophytic forests rather apart from the region where such forests 
dominate; also a peculiar case of a pine barren similarly isolated from the great 
pine barren region. In the same journal are accounts of new and noteworthy 
plants from the coastal plain of Georgia (33:229-245. 1906), notes on the dis- 
tribution of some Alabama plants (33:523-536. 1906), and an account of a mid- 
summer journey through the Carolinas and Virginia (34: 351-377. 1907). In 
the latter paper mention is made of the remarkable flatness of the region, and 
a type of plant society, locally known as “‘pocosins,” is described; a “‘pocosin”’ 
is a sort of heathlike swampy thicket of evergreen shrubs and scattered pines 
especially characteristic of the Carolinas. 

In Torreya are several short articles, one of which gives a statistical method 
for comparing the ages of different floras (5:207—-210. 1905), based on the idea 
that monocotyls develop dominantly in a region before dicotyls; the average of a 
number of local lists in glaciated and coastal regions gives about 30 per cent. of 
monocotyls; while similar lists in older regions have about 24 per cent. of mono- 
cotyls. In the Altamaha Grit region of Georgia, the relatively young pine bar- 
rens have 44 per cent. of monocotyls; while there are but 13 per cent. in the 
climax forests of the region. Other papers in the same journal give short studies 
in the North Carolina coastal plain (6:41-45. 1906), the Paleozoic region of 
Alabama, in which some new coastal plain plants are found (6:111-117. 1906), 
southeastern Mississippi and eastern Louisiana (6:197-205. 1906), the Altamaha 
Grit region of Georgia, giving additional notes on this region (6:241-246. 1906), 
and a Long Island cedar (i.e., Chamaecyparis) swamp ('7:198-200. 1907). 

In other journals are found papers on the coastal plain plants of New England 
(Rhodora 8:27-30. 1906), the vegetation of Bald Knob, Elmore County, Ala- 
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bama, competition between oaks, and the forest resources of Georgia. The 
paper on Bald Knob (Plant World 9:265-269. 1906) recounts an interesting 
occurrence of coastal plain plants on the xerophytic summit of a hill. Here there 
is strong evidence that this is a pioneer plant association, a fact which the author 
doubtless correctly thinks is in favor of the theory that the coastal pines represent 
a pioneer formation. The paper dealing with competition in oaks (Plant World 
10:114-116. 1907) recounts the crowding-out of specimens of Quercus laurifolia 
by Q. Phellos, when set out near together; the especial interest here comes from 
the fact that the former oak is a pioneer, and the latter a denizen of the climax 
forests of the region. The paper on the forest resources of Georgia (Southern 
Woodlands 1: 4-23. 1907) is the first of a series, and gives an account of the dis- 
tributional factors involved, and the natural subdivisions of the forests of Georgia, 
accompanied by a map.—H. C. Cow Les. 

A tropical study in physiographic ecology.—WauitTForD’s)paper '? on Philippine 
vegetation is a record of the first attempt to test the principles of physiographic 
ecology in the tropics, and hence jis of more than usual interest to ecologists 
who have worked only in the temperate zone. The area studied embraces 
the slopes of Mt. Mariveles, from the sea-level to an altitude of 1400 meters. 
The introduction includes remarks on the importance of determining the avail- 
able water-content of the soil at all seasons, and some mention is made of the 
practical application of ecological study. The climate has well-marked wet and 
dry periods, and yet evergreens are as characteristic of the vegetation as are de- 
ciduous trees. The prevailing forest type is thus midway between SCHIMPER’S 
rain-forest and the monsoon forest. Possibly the retention of much water in the 
soil during the relatively short dry period is a factor in the matter. 

The climax forest of the lowland is the Bambusa-Parkia forest, and it is 
Wuitrorv’s belief that this is the general type to which other formations of the 
region are tending. An interesting feature here are the parangs, which are arti- 
ficial formations, corresponding somewhat to our clearings. There are various 
types, but all seem to show evidence of gradual displacement by the culminating 
Bambusa-Parkia forest. A further similar evidence of this is the appearance of 
natural xerophytic patches resembling the parang within the Bambusa-Parkia 
forest. Next up the slope comes the Anisoptera-Strombosia formation, in which 
there is a dominance of the Dipterocarpaceae. Tables show the enormous 
number of tree species in these forests. Here, as in all of the formations, many 
details are given of the life-habits of the plants. The buttressed bases are asso- 
ciated with the overtowering trees of the highest forest stratum. Next come the 
Dipterocarpus-Shorea formation, in which 30 per cent. of the species are dip- 
terocarps, and the Shorea-Plectronia formation. From the first to the last of 
the formations named above there has been a progressive increase in mesophytism, 
and in the dominance of the evergreen habit, correlated with a similar increase 


12 WHITFORD, H. N., The vegetation of the Lamao forest reserve. Philipp. 
Jour. Sci. 1: 373-431, 637-682. 1906. 
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in rain and humidity. At the mountain top, however, there is a dwarf or “‘elfin” 
forest of Eugenia and Vaccinium; yet the humidity is greater here than any- 
where below. In this “elfin” forest is found the greatest development of epi- 
phytes, not alone mosses and lichens, but also liverworts, orchids, and even 
filmy ferns. 

The final sections deal with the strand formations, which have but a meager 
development in the region studied. The strand vegetation closely resembles that 
of the Javanese strand, described by ScHIMPER, and need not be reviewed fully. 
The chief formations are the Pes-Caprae and Barringtonia-Pandanus formations 
of sandy shores and the Mangrove-Nipa-Acanthus formation of muddy shores. 
The Bambusa-Parkia formation encroaches rapidly on these shore formations. 
It is suggested that in other portions of the Philippines the climax forest differs 
from the dominant Bambusa-Parkia forest of the region described. It is unneces- 
sary to point out the great importance of this study. It might have been anti- 
cipated that the broad principles of succession are as applicable to tropical as 
to temperate regions, but it remained for WHITFORD to show this to be the case.— 
H. C. Cow Les. 


Ascocarp of Lachnea.—Miss FRASER'S has recently discovered another case 
of supposed reduced fertilization similar to that described for Humaria granulata 
by BLACKMAN and FRASER. In Lachnea stercorea, a form in which a functionless 
antheridium and trichogyne are said to be present, she finds the archicarp arising, 
as described by WoronrIn for Lachnea scutellata, from a lateral branch of the multi- 
nucleate cells of the mycelium. Five or more cells are formed, the terminal one 
of which becomes the ascogonium. ‘This ascogonium, which is multinucleate, 
gives rise to a branch, into which pass several nuclei. When mature this branch, 
which is regarded as a trichogyne, contains five or six multinucleate cells, the 
terminal one becoming greatly enlarged and containing many nuclei. The 
position and degree of development of this trichogyne seems to vary greatly, 
developing as a terminal or lateral structure, which may or may not be entirely 
inclosed by the investing hyphae. Miss FRASER regards this trichogyne as 
intermediate in structure between that of Pyronema on the one hand, where a 
unicellular functioning organ is well developed, and Physcia or Collema on the 
other hand, where the trichogyne is multicellular and functioning. Although 
the position and origin of the antheridium does not appear to have been definitely 
worked out, the author believes it to arise from the cell next below the ascogonium, 
that it is a unicellular multinucleate structure, similar to that of Pyronema, 
and that it fuses with the terminal cell of the trichogyne. In some cases no 
trace of the trichogyne could be found, and it is believed that it fails to develop, 
as in Humaria. The nuclei of the antheridium often remain in the cell and 
degenerate in situ or pass into the terminal cell of the trichogyne. Fertilization 
by the fusion of male and female nuclei in the ascogonium does not occur, there- 





13 FRASER, H. C. I., On the sexuality and development of the ascocarp in Lachnea 
stercorea Pers. Annals of Botany 21:349-360. pis..29, 30. 1907. 
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fore, but the nuclei of the ascogonium were observed fusing in pairs, a condition 
also found in Humaria. ‘This fusion occurs at various stages in the development 
of the ascogonium, either when it is very young or very old, and not at a certain 
stage in its development, as described for Pyronema. Since Pyronema possesses 
a functioning trichogyne and fertilization occurs by the fusion of sexual nuclei, 
Miss FRASER would regard Lachnea stercorea as intermediate between Pyronema 
and Humaria, in which no trichogyne is present. A much-branched ascogenous 
hyphal system is formed from the ascogonium in the usual fashion, the asci 
arising from the binucleate subterminal cells. The two nuclei fuse to form the 
ascus nucleus, which divides by successive divisions to form the nuclei of the 
eight ascospores.—J. B. OVERTON. 


Polymorphism of Hymenomycetes.—Some interesting results bearing on the 
polymorphism of the Basidiomycetes were obtained by LYMAN‘ in a series of 
cultures. It is stated that about 75 species belonging to the Polyporaceae, Hyd- 
naceae, and Thelephoraceae were grown in pure cultures and that about 4o per 
cent. of these possess some secondary method of reproduction. In the present 
paper six species are treated, all but one belonging to the Thelephoraceae. The 
most interesting results were obtained in connection with two Fungi imperjecti: 
Michenera artocreas B. & C. and Aegerita candida Pers. Michenera was shown 
to be the conidial form of Corticitum subgiganteum Berk., with which it had often 
been found associated. The spores of Aegerita candida yielded a form of Penio- 
phora which had not been described, and consequently becomes P. candida 
(Pers.) Lyman. Several other forms of Corticium were found to have secondary 
spore forms, either conidia, chlamydospores, or bulbils. A peculiar tendency 
toward a differentiation of the mycelia of these fungi into juvenile and adult forms 
was noted in most of the species. The most pronounced example illustrating 
this tendency is Corticium alutaceum. The basidiospores of this form produce a 
mycelium with slender hyphae without clamp connections which bears conidio- 
phores; and later the adult mycelium with large hyphae having clamp connections 
but without condiophores. Continuous cultures of conidia produce more and 
more persistent juvenile mycelium. The adult mycelium is not entirely sup- 
pressed, however, if the culture has sufficient nutriment to permit continued growth. 

The cultures with Lentodium squamulosum are of special interest, for they 
seem to show that this peculiar and much-discussed fungus is an autonomous 
plant and not, as many writers have believed, an abnormal form of Lentinus 
tigrinus. In pure cultures the spores of the fungus give rise to a mycelium which 
finally produces fruit-bodies having all the characters, including the peculiar 
chambered hymenophore, of the parent. This form produces conidia from the 
veil and from the margin of the young pileus. Careful studies of this kind throw 
much-needed light on the biology of the higher fungi, whose life-histories present 
many obscure points.—H. HAssSELBRING. 





14 LyMAN, GEO. F., Culture studies on the polymorphism of Hymenomycetes. 
Proc. Boston Soc. Nat. Hist. 33:125-209. pls. 18-26. 1907. 
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African fresh-water algae.—The fresh-water algae collected by the third 
Tanganyika Expedition (1904-5), under Dr. W. A. CunNrNGTON, have been 
reported by G. S. WEst.'S ‘The collections were extensive and consisted largely 
of plankton obtained from the three great lakes (Nyasa, Victoria Nyanza, and 
Tanganyika). Some material was collected in swamps and swampy pools, and 
some of the most interesting algae were obtained from among the finely divided 
leaves of certain utricularias. ‘The phytoplankton is first presented, and is peculiar 
in the absence of many genera which are a dominant feature of the European lake 
plankton. A table shows all the species observed in these African plankton col- 
lections, and this is followed by a discussion of the peculiarities of the plankton 
of each lake. The bulk of the report consists of the systematic account of the 
algae. The absence of Stigonemaceae is referred to as remarkable, Nostochopsis 
being the only representative of the family. Species of Hapalosiphon are of gen- 
eral occurrence in swamps and marshes, as well as certain bog-loving and rupestral 
species of Stigonema. The list of new forms includes 18 varieties, 36 species, and 
a new genus (Sphinctosiphon) of Palmellaceae. The total number of species is 
372 (105 genera), and 122 of the 187 Chlorophyceae are Conjugales. 

Certain conclusions are as follows: The algal flora of Tanganyika differs 
very much from that of the other lakes, but its peculiarities could be accounted 
for by prolonged isolation. The algae of Tanganyika showing marine affinities 
may have been produced by a gradual increase in the salinity of the water over an 
extended period. The relatively small proportion of Chlorophyceae in the plank- 
ton, as well as the large prgportion of Bacillarieae and Myxophyceae (Cyanophy- 
ceae), is also an indication that the water of the lake was at one time more saline. 
In large bodies of fresh water, a single example of plankton from a given locality 
must not be regarded as representative of the plankton of the entire lake-—J. M. C. 


California peach blight.—RatpH E. Sirs describes this disease as occurring 
in practically every part of California where peaches grow.'® It was first recorded 
in 1900 by Prerce and has since increased largely. All varieties are affected. The 
buds and fruiting twigs die, the green twigs become spotted, and the leaves and 
fruit drop off. Gum exudes copiously, especially in wet weather, over the one- 
year-old fruiting twigs. Twigs which were sound and healthy in December were 
found to be spotted by the first of February. Spraying with Bordeaux mixture 
at the usual time was not effective, but spraying in December proved efficient, 
and the ordinary Bordeaux of the 5-5-50 strength of the lime-sulfur-salt mixture 
is recommended. 

The fungus is referred to Coryneum beyerinkii. The mycelium produces spots 
on the leaves and shoots in winter and spore pustules near the center of these 
spots. Affected leaf tissue soon drops out, giving rise to “‘shot-holes.” Conidia 


ts West, G. S., Report on the fresh-water algae, including phytoplankton, of the 
third Tanganyika Expedition conducted by Dr. W. A. CUNNINGTON, 1904-5. Jour. 
Linn. Soc. Bot. 39:81-197. pls. 2-I0. 1907. 
16 Agr. Exper. Sta. Calif., Bull. 191. Sept. 1907. 
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are abundant upon leaf scars and twigs. ‘The life-history issummed up as 
follows: 

The spores, scattered profusely over the limbs, germinate as soon as enough rain 
has fallen to wet them up thoroughly, usually in December or January. Spores lying on 
the green bark of new shoots penetrate the tissue and cause the characteristic spotting. 
Spores lying about the bud scales produce a mycelium which penetrates and kills 
outright both the bud and quite an area of surrounding bark, the spot extending from 
one-fourth to one inch in length. On the spots spore pustules are developed. 

The fungus was cultivated in beef agar, in ordinary agar, and on sterilized 
peach twigs. The colonies are black with distinct zonal arrangement of conidia. 
No indication of an ascigerous stage was found.—F. L. STEVENs. 


Fungus diseases of sugar cane.—BUTLER"? has given an account of the fungi 
attacking sugar cane in Bengal. ‘The most serious disease seems to be caused by 
Colletotrichum falcatum Went., which causes a rot of the stalks that spreads from 
the base upward. In the early stages of the disease the fungus greatly reduces 
the sugar-content of the cane. With the disappearance of the cane sugar there is a 
simultaneous increase of glucose. This is attributed to the inverting action of 
the fungus, and by proper flask experiments it was shown that the fungus has 
the power of inverting cane sugar. All parts of the cane are attacked by the 
fungus. On the stem it is often accompanied by a form of Melanconium (T7i- 
chos phaeria Sacchari), which was once regarded as the cause of the most destructive 
cane disease of the West Indies, namely the “‘rind disease.”” BUTLER believes, 
however, that the Melanconium is only an accompanying fungus and that Colleto- 
trichum falcatum is possibly the cause of the famous ‘‘rind disease.” 

A number of other fungi are more briefly described. Ustilago Sacchari 
Rabenh. transforms the growing axis into a long spore sac. Diplodia cacaoicola 
(P. Henn.), which was originally found on Theobroma cacao, is said also to attack 
the stems of cane. Cytospora Sacchari Butl. is described as a new species also 
found on the stems of cane. Thielaviopsis ethaceticus Went. is the cause of the 
“‘pine-apple” disease of the young sets, while Sphaeronema adiposum Butl. some- 
what resembles the latter in its effects. The most serious leaf diseases are the 
brown leaf spot caused by Cercospora longipes Butl., described as a new species, 
and the well-known ring-spot, found everywhere on cane leaves in the tropics and 
caused by Leptosphaeria Sacchari Br. & H.—H. HAssELBRING. 


Cyanogenesis in plants.—TREUB returns to a discussion of the origin and 
distribution of hydrocyanic acid.*® Incidentally he adds in one of his tables to the 
list of plants in which HCN has been found (as given by GRESHOFF at the York 
meeting of the B. A. A. S.) six genera and sixteen species. HCN as a rule, in 
hot countries at least, disappears from the leaves before their fall, the contrary 


17 BUTLER, E. J., Fungus diseases of sugarcane in Bengal. Mem. Dept. Agric. 
India Bot. 1: no. 3. pp. 53. pls. II. 1906. 

18 TrEUB, M., Nouvelles recherches sur la réle de l’acide cyanhydrique dans les 
plantes vertes, II. Ann. Jard. Bot. Buitenzorg 21: 79-106. pls. I, 2. 1907. 
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case of Sambucus (GuIGNARD) and Indigofera (TREvB) being exceptions. The 
amount diminishes regularly with age in most cases, though there are not wanting 
examples where the amount remains nearly constant until late in the life of the 
leaf, when it suddenly disappears. Since distillation after maceration yields more 
HCN than direct distillation, it is evident that a part at least, and as experiments 
indicate most or all, of the HCN exists in the form of a glucoside which is split 
up by an enzyme. No matter how quickly the killing and distillation is carried 
on, the glucoside is hydrolyzed, so that the enzyme acts with ‘astonishing rapid- 
ity.” Some study was made of the enzymes concerned, but these must be worked 
out later. That HCN is a reserve is shown by the fact that in plants put into 
obscurity sufficient to preclude photosynthesis, HCN diminishes after the third 
day; and when the same plants are brought out into the light again it increases. 
Further, the maximum content of HCN occurs at midday. Light is influential 
only because it provides for the making of glucose, which is necessary to the for- 
mation of the glucoside. 

In a second short paper TREUB’? disposes of the contention that the rdle of 
HCN is that of protection against animals.—C. R. B. 


Taxonomic notes.—C. WARNsTorRF (Hedwigia 4'7:76-112. 1907), in a series 
of descriptions of new species of Sphagnum, includes 4 from’ the United States: 
S. missouricum (Missouri), S. Bushii and S. alabamae (Alabama), and S. Evansii 
(New Jersey).—LERoy Aprams (Torreya '7: 217-219. jig. 1. 1907) has described a 
new maple (A. bernardinum) from the San Bernardino Mountains of California.— 
W. A. SETCHELL (Jour. “Mycol. 13:236-241. pl. 107. 1907) has published new 
species of hypogaeous fungi (Secotiaceae) under Secotium and Elasmomyces.— 
Sv. MursBeck (Lunds Univ. Arsskrift II. 2: no. 14. pp. 30. pls..2. 1907) has 
studied the vesicarius group of Rumex, recognizing 3 forms under R. vesicarius 
L.; separating R. planivalvis, R. simpliciflorus (3 forms), R. vesceritensis, and 
R. cyprius as new species; and characterizing R. roseus L—W. TRELEASE (Ann. 
Rep. Mo. Bot. Garden 18:225-230. pls. 12-17. 1907) has described 2 new 
species and 2 new varieties of Yucca; also (idem 231-256. pls. 18-34) has published 
an account of Agave macroacantha and allied Euagaves, disentangling an exten- 
sive synonomy.—J. R. DrumMonp (idem 25-75. pls. 1-4) has published an 
account of the literature of Furcraea with a synopsis of the known species, recog- 
nizing 10 as valid and 6 more as possibly valid but imperfectly known.— A. 
Mavsianc (Bull. Trim. Soc. Mycol. France 23:146-149. jigs. 7. 1907) has 
described a new genus (Ceratopycnidium) of Spheropsidaceae from the Congo.— 
A. A. HELLER (Muhlenbergia 3:133-134. 1907) has reestablished Chloropyron 
Behr with 4 species, heretofore referred to Cordylanthus or Adenostegia. All 
the species belong to salt marshes near the Pacific coast or to saline soil in the 
interior.—J. M. C. 






19 TREUB, M., Notice sur “’effét protecteur”’ assigné a l’acide cyanhydrique des 


plantes. Ibid. 197-114. pls. 3, 4. 1907. 
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Parasitic seed-plants.—FRayssrE?° has presented an interesting account of 
the ecological relations of a number of parasites. Especial attention was given to 
Osyris alba, a green parasite of the Mediterranean region, which grows on many 
hosts, but particularly on legumes and mycorhizal plants. The seeds germinate 
with difficulty, and the seedlings can live for nearly a year independently. The 
complicated structures of the perennial haustoria are quite fully described. The 
host reacts by forming tyloses and other apparently defensive modifications. 
Similar studies were made of Odontites rubra serotina, Euphrasia officinalis, 
Lathraea, and Monotropa hypopitys. Most botanists regard the last species 
as a mycorhizal plant, but FRayssE seems to find it parasitic on Pinus. In all 
of the species studied, attention is paid to the starch and its distribution in and 
around the haustoria; this starch is digested by diastases secreted by the haustoria, 
and is then absorbed by the parasite. The last portion of the treatise deals with 
the remarkable characteristics of Cytinus Hypocistis, which lives internally for a 
long time, forming vegetative structures comparable to a thallus. The penetra- 
tion of this thallus is accomplished by mechanical means in part and in part by 
the action of diastases.—H. C. CowLes. 

A new hymenomycete.—McALPINE?! finds that the fungus described as 
Isaria fuciformis in 1872 by BERKELEY, from material collected in Australia ‘in 
1854, is a basidiomycete. The fungus grows principally on grasses, but it also 
attacks other plants. It consists of an effused somewhat gelatinous layer from 
which rise Isaria-like tufts of hyphae, bearing conidia. On account of these co- 
nidia-bearing tufts the fungus was placed in the genus Isaria. MCALPINE finds, 
however, that the effused part of the fungus bears a basidiosporic hymenium, in 
consequence of which he places it in the genus Hypochnus as H. fucijormis (Berk.) 
McAlp. 

In a note following the foregoing article, von HOHNEL and Sypow point 
out that the name Hypochnus is no longer tenable, since the species included under 
it belong partly to Corticium and partly to Tomentella. To include species 
having tufts of hyphae rising above the hymenium, v. HOHNEL and LitsCHAUER 
have elevated PATOUILLARD’s section Epithele to a genus. In this voN HOHNEL 
and Sypow place McALpIne’s fungus as E. juciformis (Berk.) v. Hohn. et Syd.— 
H. HASSELBRING. 


Embryo sac of Impatiens.—Lonco?? has described an interesting haustorial 
apparatus in connection with Impatiens amphorata. In the growth of the sac 
the small nucellus is resorbed, the sac coming into contact with the inner integu- 
ment, whose inner cells function as a tapetum. From the enlarged micropylar 


. 


20 Fraysse, A., Contribution 4 la biologie des plantes phanérogames parasites. 
Montpellier. 1906. See Bot. Cent. 102: 51-52. 1906. 

2t McAtpInE, D., A new hymenomycete—the so-called Isaria fuciformis Berk. 
Ann. Mycol. 4:541-551. pls. 8,9. 1906. 

22 Lonco, B., Nuove ricerche sulla nutrizione dell’ embrione vegetale. Reale 
Accad. Lincei 16: 591-594. figs. 2. 1907. 
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end of the sac a haustorial tube is developed, which passes through the micropyle, 
and then enlarges very much and sends out numerous branches which penetrate 
the funiculus and also the outer integument. The tube is occupied by an endo- 
sperm nucleus, which in the enlarged region outside of the micropyle becomes 
correspondingly enlarged and amoeboid in outline. There is also a short chalazal 
haustorium. ‘The tapetal layer of the inner integument eventually becomes cuti- 
nized, and the vascular connections through the funiculus are imperfect, so that 
the embryo is fed through the haustoria, especially the prominent micropylar one. 
Such haustoria are common among the Sympetalae, but the micropylar ones are 
imbedded in the heavy integument and usually do not wander out of the ovule 
through the micropyle.—J. M. C. 


A parasitic alga on tea.—HUTCHISON?3 has studied the life-history of Cepha- 
leuros virescens, the so-called “red rust” of tea. This remarkable alga is the 
greatest menace to the tea crop in northeastern India; and another observer is 
cited as stating that it is doing serious damage to mango trees in Bengal as a stem 
blight. This “blight” alga is one of the Chroolepidae, and attacks the leaves of 
the tea plant, completely piercing them; but the serious form of attack is upon 
the cortex of young stems. The alga occurs as orange-yellow, roughly circular 
patches on the upper surface of the host. It is propagated from these patches 
either by the discharge of zoospores under conditions that favor swimming, or 
by the breaking-off of the sporangium and its transportation bodily by the wind. 
The attack on young stems is intimately connected with their rough surface, all 
the young algal patches being found in the crevices of this surface. If the young 
shoot grows rapidly, it may outstrip the alga and “‘no permanent infection takes 
place;” but if the young shoot grows slowly, the alga is able to penetrate and 
destroy it.—J. M. C. 

The cereal rusts.—Evans 74 has undertaken a detailed study of the histology 
of the “cereal rusts,” that is, the species of Puccinia formerly included under 
P. graminis, P. rubigo-vera, and P. coronata, and more recently broken up into 
a greater number of species on the basis of both morphological and physiological 
characters. The investigation was begun at Cambridge in 1903, at the suggestion 
of the late Professor MARSHALL WARD, and has been continued at Pretoria, at 
the Transvaal Department of Agriculture, where the author is mycologist. This 
first paper deals with the development of the uredo-mycelia, and the principal 
results are as follows: In the early stages of the mycelia, these species exhibit 
distinctive morphological characters; the sub-stomatal vesicle is of a definite 
shape for each species; the haustoria of some species are very distinctive; and 
in some species a well-developed appressorium is present, while in others it is 
not so evident.—J. M. C. 





23 HUTCHINSON, C. M., Cephaleuros virescens Kunze: the “red rust’? of tea. 
Mem. Depart. Agric. India Bot. 1:no. 6. pp. 35. pls. 8. 1907. 


24 Evans, B. PoLe, The cereal rusts. I. The development of their uredo-mycelia. 
Annals of Botany 21:441-466. pls. 40-43. 1907. 





























1908] CURRENT LITERATURE 213 


Coffein and theobromin.—In a detailed account of his studies on the genera 
Coffea, Thea, Theobroma, and Cola, WEEVERS answers for the first time these 
questions:?5 Do coffein and theobromin arise in connection with the proteid 
metabolism of the plant or not? If so, do they arise through analysis or synthesis 
of proteids, and can they be used in proteid synthesis? He concludes that both 
are produced in consequence of secondary processes of dissimilation, that they 
are stored for a longer or shorter time, and then are again used in proteid synthesis. 
They constitute a very compact means of storing N, as they contain about 30 per 
cent. N as compared with 19 per cent. or less in proteids, and this is doubtless the 
reason why they occur so abundantly in seeds, though they may have also a pro- 
tective function.—C. R. B. 


Desert vegetation in South Africa.—The country of Welwitschia has always 
seemed fascinating to botanical travelers. Its accessibility is not fully realized; 
not only is it near the coast, but the heart of the desert is traversed by a railroad 
which has a station named Welwitsch from the abundance of the remarkable 
gymnosperm in the region thereabouts. PEARSON ?° has given an account of a 
journey through a part of German Southwest Africa, in which there is a descrip- 
tion of the coastal strip with Ancathosicyos horrida, the Namib plains with Wel- 
witschia, and the dry river beds with a less xerophytic vegetation closely resem- 
bling the Acacia vegetation farther east. Near Windhuk, the seat of government, 
there are Acacia park forests, in which Acacia giraffae is the predominating 
species. —H. C. CowLes. 

Root-parasitism.—BARBER 2’ has continued his studies of the haustorium of 
Santalum album. In the first paper?® the early stages up to penetration were 
described; while the present paper deals with the mature haustorium. The 
penetration of the haustorium, its general structure, and its relation to the host 
tissues are first described. Then follow detailed descriptions of the cortex and 
“nucleus,” the vascular system and its connections with the host, the character 
and development of the “sucker” with its double function of secretion and 
absorption, cases of irregular penetration, the general activity of the haustorium, 
and the interrelations of host and parasite. ‘The numerous plates serve to make 
the descriptions remarkably clear.—J. M. C. 





Taiwania.—Havyata described this new genus of Coniferales from the Island 
of Formosa in 1906,?9 from a few dry branches bearing cones. Since that time he 





25 WEEVERS, TH., Die physiologische Bedeutung des Koffeins und des Theo- 
bromins. Ann. Jard. Bot. Buitenzorg 21:1-78. 1907. 

26 PEARSON, H. H. W., Some notes on a journey from Walfish Bay to Windhuk. 
Kew Bull. 1907: 339-360. 

27 BARBER, C. A., Studies in root-parasitism. The haustorium of Santalum 
album. II. Mem. Depart. Agric. India Bot. I:no. 12. pp. 58. pls. 15. 1907. 

23 Bor. GAZETTE 40:159. 1905 and 42:317. 1906. 


20 Jour. Linn. Soc. Bot. 32: 330-332. pl. 16. 


214 BOTANICAL GAZETTE [MARCH 


has been able to secure more favorable material for study and has just publisheds° 
his results. The genus belongs to the Taxodineae, and resembles Cunninghamia 
in the form of its cones, Arthrotaxis in its foliage, and Cryptomeria in its habit. 
A study of the anatomy of the leaf shows that in this feature it is intermediate 
between Cunninghamia and Cryptomeria, and perhaps nearest to Arthrotaxis. 
On the whole, the author concludes that it should be placed among Taxodineae 
between Cunninghamia and Arthrotaxis.—J. M. C. 

Synopsis of Godetia.—W. L. Jepson! has published a synopsis of the North 
American species of Godetia, which are restricted to the Pacific coast and are 
represented chiefly in California. After some account of the history of the genus, 
early type specimens, concept of “‘species” in the genus, geographic distribution, 
and hybrids, the 17 recognized species are presented in two groups: the Amoena 
group, comprising the loosely flowered, freely branching forms; and the Purpurea 
group, comprising the spicately flowered, simple stemmed forms. The critical 
character of the study may be suggested by the statement that there are published 
5 new species, 15 new varieties, 6 new forms, and 3 new combinations. The “little- 
known species, old and recent,” number 11.—J. M. C. 

Nitrogen fixation by algae.—After a valuable review of the literature of the 
subject, HEINZE3? gives an account of his investigation of the fixation of free 
nitrogen by algae. He had found earlier that fungi, apart from bacteria, do not 
possess this power. In this paper it is shown that some algae, Nostoc for example, 
possess this power to some degree; quantitatively the work of algae in this way is 
not very important. A much greater rdle is suggested by their symbiotic life 
with such nitrifying organisms as Azotobacter; the work of the latter is doubtless 
facilitated largely by the carbohydrate contributions of the algal symbionts.— 
H. C. Cow es. 


Anatomy of Equisetum.—QUEvA’s33 studies on the histology of Equisetum 
lead him to the conclusion that secondary growth does not exist even in the nodes, 
where there is some appearance of cambial activity. Since secondary wood was 
common in the Calamites, and JEFFREY has observed a cambium in the cone of 
E. hiemale and E. limosum, it is probable that we have here to do with a vestigial 
structure. The cortex arises by tangential divisions of a superficial layer of cells. 
Differentiation of the xylem is exclusively in the centrifugal direction, and the 
protoxylem usually disappears owing to rapid elongation of the stem.—M. A. 
CHRYSLER. 


3° Hayata, B., On Taiwania and its affinity to other genera. Bot. Mag. Tokyo 
21:21-27. pl. I. 1907. 


3t Jepson, W. L., A synopsis of the North American Godetias. Univ. Calif. 
Publ. Bot. 2:319-354. pl. 29. 1907. 

32 Henze, B., Einige Beitrage zur mikrobiologischen Bodenkunde. Cent. Bakt. 
16?:640-053, 703-711. 1906. 

33 QuEvA, C., Histogentse et structure de stipe et de la fronde des Equisetum. 
Mem. Soc. Hist. Nat. d’Autun 2034-41. 1907. 
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Embryo sac of Cassia.—W. T. Saxton 4 has investigated the South American 
Cassia tomentosa, as growing in private gardens in Cape Town, South Africa. 
The usual linear row of four megaspores appears, but curiously enough the function- 
ing spore is not the innermost one, but the one next to it. The embryo sac develops 
a tubular prolongation at the antipodal end, which is filled by a row of antipodal 
cells, as in certain Compositae. The number of chromosomes in the divisions 
of sporophytic nuclei is reported to be twelve.—J. M. C. 


Functionless chlorophyll.—BonnIeER long ago discovered that chlorophyll in 
some parasites appears to have lost its synthetic power. FRIEDEL finds that 
in the ovaries of Ornithogalum arabicum the abundant chlorophyll has no synthetic 
power, or at least that the gas exchange is so slight as to be entirely masked by 
the respiratory gas exchanges. Ovaries of O. umbellatum, however, have vigorous 
synthetic powers.—H. C. Cowles. 


Gametophytes of gymnosperms.—Porscu,°*° in a general review of investiga- 
tions upon the gametophytes of gymnosperms, has considered more than thirty 
papers, most of them published since 1903. ‘The material is arranged systemati- 
cally under Cycadales, Ginkgoales, etc., and is illustrated by a few well-chosen text 
figures. Some of the comments are very suggestive-—CHARLES J. CHAMBERLAIN. 


Codonotheca.—In 1903 SELLARDS described this form-genus from material 
obtained from the iron-clay concretions of Mazon Creek, Illinois. He has just 
reprinteds? the essential features of this description, and expresses the belief that 
it is the microsporangiate structure of some of the Cycadofilices, probably of the 
Neuropteris type.—J. M. C. 

Apogamy in Rumex.—MurBEck*® has reported the discovery of apogamy in 
a form of R. Acetosella which he calls angiocarpus. This announcement comes by 
way of Bot. Notiser 1907:238.—J. M. C. 


34 Saxton, W. T., On the development of the ovule and embryo sac in Cassia 
tomentosa. Trans. S. Africa Phil. Soc. 18:1-5. pls. I, 2. 1907. 

35 FRIEDEL, J., Sur un cas d’organe vert dépourvu de pourvoir assimil!ateur. 
Compt. Rend. Acad. Sci. Paris 142: 1092, 1093. 1906. 

36 PorscH, Dr. Otto, Ueber einige neuere phylogenetisch bemerkenswerte 
Ergebnisse der Gametophytenerforschung der Gymnospermen. Kritisches Sammel- 
referat. Festschrift des Naturwiss. Vereines an der Universitat Wien. pp. 39. figs. 
16. 1907. 

37 SELLARDS, E. H., Notes on the spore-bearing organ Codonotheca and its rela- 
tionship with the Cycadofilices. New Phytologist 6:175-178. 1907. 


38 MurBECK, S., Verh. Naturh. Verein. Preussisch. Rheinl. Bonn. 63?:—. 1907 





NEWS 


Dr. J. B. FARMER has accepted the position of editor in chief of the Gardeners’ 
Chronicle. 

THE DEATH is announced of Dr. P. LACKMANN, professor of botany at Gren- 
oble, at the age of fifty-six years. 

Dr. E. G. DELAcROIX, director of the station for plant pathology of the ‘‘Insti- 
tut national agronomique,” died at Paris, November 2, 1907. 


THE COUNCIL of the Geological Society of London has awarded the Murchison 
medal to Mr. A. C. SEwarRD, professor of botany in the University of Cambridge. 


Dr. Lupwic Jost, professor in the Agricultural Academy at Bonn-Poppels- 
dorf, returns to Strassburg, April 1, to succeed Professor GRAF ZU SoLMS-LAUBACH 
upon his retirement as professor of botany and director of the Botanical Garden, 


THE MACMILLAN Company announce a book by Dr. B. M. Ducear, Cornell 
University, entitled The physiology of plant production. As the title implies, it 
is primarily an application of plant physiology to the requirements of agriculture 
and horticulture. 

Dr. ForrEsT SHREVE, associate professor of botany in the Woman’s College 
of Baltimore, has accefted an appointment in the Department of Botanical 
Research of the Carnegie Institution, and will enter upon his duties at the Desert 
Botanical Laboratory, Tucson, Arizona, at the close of the academic year. 

AT THE CHICAGO MEETING of the American Association, the following officers 
of Section G were elected: H. M. RicHarps (Columbia), vice-president; H. C. 
Cow es (Chicago), secretary for a term of five years. The Botanical Society 
of America elected the following officers: W. F. GANonc (Smith), president; 
D. S. Jonson (Johns Hopkins), secretary (continued). The American Society 
of Naturalists elected as its president D. P. PENHALLOw (McGill). 

THE REPORT of the director of the Missouri Botanical Garden for 1907 con- 
tains the following items: The number of visitors during the year was 135,497, 
being the largest number in any year excepting the year of the World’s Fair. The 
incorporated additions to the herbarium were 35,876 sheets. Among the un- 
incorporated material are 20,000 specimens of Texan plants collected by 
LINDHEIMER between 1849 and 1851. The herbarium, so far as now mounted, 
contains 595,143 specimens. The library now contains 58,156 books and pamph- 
lets, besides 77 manuscript volumes. 








